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PREFACE. 


The present volume has been completely rewritten, although. Dr. 
Matthews had carefully revised the text as recently as 1906. Dr. 
Matthews had promised to undertake the revision of a large section 
of the present volume, but, shortly after commencing, a serious illness 
unfortunately necessitated his relinquishing the work. Although the 
text^has been largely added to, it will be seen that it still retains the 
^neral form given to it by Dr. Matthews. The section on the tannins 
and leather analysis is in accordance with the best methods 

of analyris in Europe and the United States and the sections on Inks 
and Natural tolours have been largely revised and rewritten. The 
new section on Colouring Matters in Foods should prove useful to 
Food Analysts and others. 
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TANNINS. 

By W. P. DREAPER, F. I. G. 

DESCRIPTION AND GENERAL PROI^RTIES OF TANNINS. 

Taiulic Acids are amojphous or crystallme solids of astringent 
taste, more or less soluble in water, freely so in alcohol, or a mixture of 
alcohol and ether, and notably in ethyl acetate. They are almost 
insoluble in dry ether, and quite so in chloroform, benzene, petroleum 
spirit, and carbon disulphide. The tannins arc generally but little 
soluble in dilute sulphuric add. Their aqueous solutions give blue- 
black or gre^ colourations or predpitates with ferric salts, and are 
predpitated by the acetates of 'lead and copper and by stannous 
chloride. Some tannins are predpitated by tartar emetic and by 
mineral adds. In some cases tannin combine with the base only, 
bdt in others, as when cupric acetate is employed, the salt is said to 
enter into combmation as a whole. With a solution of gdatin, the 
tannic acids give predpitates, sUnilar to those obtained— with leather, 
which are insoluble in presence of excess of tannic add or salts but . 
not wholly insoluble in pure water. The majority of tannic adds can 
be completely removed from their aqueous solutions by the mtroduc- 
tion of r^ped skin or hidk The tannic adds are also removed from 
solution by digestion with cupric or zinc oxide, and they reduce Feh- 
ling’s solution on hearing. A ddicate test for tannins is the deep red 
colour produced on treating a solution with potassium ferricyanide 
dis^ived in ammonia. Tannic adds give insoluble predpitates with 
many organic bases, the rosanUme and cinchonine compounds being 
among the least soluble; but it is frequently observable that an alka- 
loid and a tannin which occur together in the same.pfmt do M com- 
bine together to form an msoiuble compound. 

The most characteristic and commerdally useful properties of the 
tannins are the formation, by combmation with gelatin and gelatin- 
forming tissues, of the insoluble compounds which constitute leather; 
and the formation of lakes. 

The natural tannins are powerful reducing agents, and exhibit a 


I 



2 


lANNINS. 


marked tendency to absorb oxygen, especially in alkaline solution. 
The oxidation-products are strongly coloured. 

Extraction of Tannins*— The different natural tannins exhibit 
such differences, in their chemical reactions and behaviour with solvents, 
that it is not possible to give a general rule for their preparation in a 
state of purity. 

The method of Pdouze for the preparation of gallotannic add from 
gall-nuts is as follows: The powdered substance is exhausted with 
ordinary ether containing alcohol and water. On standing, the liquid 
separates into two layers, the lower of which contains the gallotannic 
acid while the upper ethereal layer retains the gallic add. The tannin 
obtained by separating and evaporating the lower layer may be further 
purified by dissolving it in water and adding to the solution twice <its 
volume of ether, when three layers are formed, the lowest of which 
contains neariy pure gallotannic add. This solution is drawn off, and 
magnesium sulphate is added to remove the excess of^water. The 
ethereal solution is then evaporated to dryness. 

A useful process of extracting tannins is the following: The 
finely divided substance is exhausted by treatment with rectified 
spirit, the solution filtered and evaporated to a small bulk at as Idw 
a temperature as possible (preferably under reduced pressure). The 
extract is treated at once with a considerable proportion of cold 
•water, the liquid filtered and fractionally precipitated with lead 
acetate. The first and last fractions should be rejected, as they usu- 
ally contain , colouring matters and other foreign substances. The 
tannate of lead is washed as rapidly as possible, suspended in water, 
and decomposed by hydrogen sulphide. The filtrate is shaken with 
ether to remove gallic add, separated from the ethereal layer, and 
evaporated in a partial vacuum to the consistence of a thin syrup. 
The remaining water should be removed by exposure over sulphuric 
add at the ordinary temperature. 

Von Schroeder and Bartel investigated the effect of prolonged boil- 
ing in the extraction of tannins. They considered that if suffident 
volume of water is used only a few hours of boiling are necessary to 
extract the largest part of the tannin, succeeding extractions only 
removing traces of tannin from the readue. Prolonged boiling extracts 
an excess of non-tannins, therefore it is not advisable to push the ex- 
traction, as the quality of the whole product will be deteriorated by 
the excess of non-tannin constituents. 
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Parker (J.Soc. Chem. Ind., 1899, 28, 106) showed that by extracting 
for a protonged time at a low temperature, and afterward at a higher 
temperature, it is possible to fractionate the different tannic adds. 
Between 60° and 90® seems to be the optimum temperature for the 
extraction of tannins imder ordinary conditions. 

Many tannins {e, fumac-tannin and ratanhia-tannin) may be 
purified by agitating with ether to remove gallic add, saturating the 
concentrated aqueous solution with common salt, and agitating it with 
ethyl acetate which then removes the tannin. 

Some tannins {e. g., ho})* and alder-tannin) are stated to be insoluble 
in water after isolation, the change being probably due to change in 
constitution. When the presence of such tannins is suspected, the lead 
pr«dpitate should be suspended in alcohol instead of water, before 
decomposing it with hydrogen sulphide. 

Many other vegetable substances besides tannins are predpitable 
by lead acetate, but they are generally insoluble in cold water. 

It sometimes happens that a single plant ^contains two or more 1 
tannins. Thus both oak- and willow-bark contain a little gallotannic 
add in addition to their own peculiar tannins; myrabolans and divi- 
diVi contain both gallotannic and ellagitannic adds. The existence 
of several tannins may be detected in some cases by fractional precipi- ' 
tation with lead acetate, and in others by examining the products of 
the action of dilute add. Thus, it is stated that oak-red ^hloba- 
phene) produced from querdtannic acid is not removed by agitating 
the liquid with ether, whilst the gallic add produced from the gallo- 
tannic add is dissolved in this solvent. 

Trimble employed acetone as a solvent, the process being a simple 
and satisfactory one. The powdered material was generally macerated 
for 48 hours in a percolator. The solvent was then run off, 500 c.c. 
being used for each 1,000 grm. of tannin material in a fine state of 
division. The acetone was removed by evaporation and the residue 
dissolved ki water or alcohol, filtered, and diluted with water until the 
anhydrides and colouring matters were thrown out of solution. 

CLASSIFICATION AND CONSTITUTION OF NATURAL 
TANNINS. 

From the tanner’s point of view, the natural tannins are arranged in 
two general dasses, namely, those which produce a “ bloom,” or fawn- 
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coloured deposit, on leather, and those which do not. The tannins 
^giving a bloom to leather give a blue*l^ack colouration Mth ferric^ 
acetate, while the others afford a green colour with the same reagent. 
To the hrst oi these classes belong the tannins of gall-nuts, myrabolans, 
divi-divi, sumac, valonia, and oak-bark, while the second includes 
the tannins of catechu, hemlock, larch, ratanhia, mangrove, and all the 
varieties of mimosa. The production of the bloom” is in most cases 
due to the formation of ellagic add, CjAO*, a substance allied to 
gallic add, C7HBO5, of which most of the tannins of the first group 
may be derivatives. The tannins of oak-bwk and valonia are either 
mixtures of two distinct tannins or are of unknown constitution, for 
they yield both gallic add and^rotocatechuic add, while all 

the tannins which give a green reaction with ferric acetate are prob- 
ably derivatives of the latter of these adds. These again may be 
divided into tannins which yield acetic or some other fatty add on 
fusion with potassium hydroxide, and those which yidd pjilorogludnol, 
C.H, 0 ,. 

It has been shown by H. Schiff^ that the ordinary tannin of galls 
(gallotannic add) imder the influence of dilute adds, or of a peculiar 
nitrogenous ferment 'called pectase, splits up into dextrose and gallic 
add, thus: +4HjQ**C8H„05-t- 40,11,08. Many other 

of the natural tannins also furnish dextrose by the action of dilute acids, 
but in some cases the change occurs with difficulty. Some of the 
natural tannins certainly yield no dextrose by the action of dilute add, 
and in other cases its formation is still an open question.^ 

The arrangement of natural tannins into classes is therefore based 
on the products they yidd; (i) when heated alone, (2) when heated 
with dilute add, and (3) when fused with alkali hydroxide. The 
characteristic products obtamed by heating tannins alone are pyro- 
gallol and catechd; by beating with dilute adds, dextrose, gallic add, 
ellagic add, and insoluble amorphous anhydrides called phlobaphenes; 
and by fusion with alkali hydroxide, pyrogalld, protocatcchuic acid, 
acetic add, and phlorogludnol. 

In the table on page 7 the prindpal kinds of tannin are arranged 
according to the foregoing prindples of dassification. 

< Owing to the optical activity of cooruoercial taonla, Schlfl mitteeted a fcrrmula bv 
wbu^ the substance is represented as containing an asynunetric cubon atom. Walden s 
experiments (B<r. 1S97, 30, 3131). however, show that commercial tannin is not only a 
mixttlre, but also varies in compostticm, aud thersCore. ita optical bdmvior cannot bo 
us^ in a Jhopry. r^rding its structure. 

* Valonia is liable to a natural {ermeotatiort (roping), fn which a kige quantity of ' 
dextna, or some amtlar substance precipitated by aleohot, ts {ormed. 
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Cehain of the tannins give a bluf or black colouration when mixed in 
solution with ferric salts, while others yidd a green or greenish colour 
when similarly treated; Speaking generally, the tannins which are 
derived from gallic add give a Mue indication, while those derived 
from protocatechuic add afford a grwn colour. 

.The behaviour with iron salts is best obs^ed by adding to an 
aqueous solution of the taimin contained in a test-tube one or two 
drops of a dilute solution of ferric acetate.. This may be prepared by 
addling sodium acetic to a solution of ferric chloride. Excess of the 
reagent must be carefully avoided, or its colour and oxidising action 
may lead to error. The colouration produced by ferric acetate having 
been observed, it is advisable to add an excess of ammemia, and note 
any change which may occur. 

If ferric chloride be substituted for the acetate, the general results 
are the same, but in some instances a greeni^ colouration is produced 
by tannins which give a distinet blue colour with ferric acetate. This is 
especially the case if the ferric chloride solution contains free add. 
Hence the acetate is to be preferred as a reagent for tannins. Other 
reactions of tannins are given on pages 42 and 43. 

•Prescott' gave the folio w^g comparative table of the different kinds 
of tannins: 


(1) Glucoside-tanmns, when boiled with 
dilute mineral adds yield (a) a c^s- 
tallisable add or its anhydride, or (1>) a 
phlobaphene and a ledudng sugu, 

(2) Iron-blueing tannins with ferric salts 

give blue to black ptedpita^ or 
colours. The fenoso-fenfe soludons, 
slightly bade, give the best leacdom. 
Mineral adds dissolve and destroy 
colour. * . 

(3) Tannins, not tanning agents, do 
not form leath^, nor preserve animal 
membrane, though they precipitate so- 
lutions of gelatin. 

(4) Tannins which on bdng sublimed, or 
on being fused with potasdum hydrox- 
ide, yield a trihydroxyphenol, such as 
pyrpgallol, C8H,(OH),.' 

(5) Patholodcal tannins. Found in 
punctured vegetable tissue. Gallo- 
tannins, induding sumac-tannins. 

^ Qmnic Analysis, 1805. ^ 

* Of this class wilbw-tanmn is a gtucosi 


(1) Tanni ns not glucoddes. 


(2) Iron-greening tanxuns,^ with bade 
ferric sa^ give gr^nish pied|»tate 3 or 
colours. Brown colours sometimes 
obtained. 


(3) Tanning materials change animal 
membranelnto lealher, not putresdble. 
Also piediutate solutions of gelatin. 

(4) Tannins which in subliming yield 
a dihydroxyphenol, C,H^(OH)„ and on 
fudon with potasdum hydroxide yield 
an add as protocatechuic acid; 
C,H,(bH),CO;H. 

(3) Phydological tannins, from un- 
in jur^ vegetable tissues include 
various glucosides and iron-bludng 
tannins. 
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The Stanhouse^Procter classification of tannine is as follows: 

Group 7 . Tannins which ^ve a blueish colour with ferric chloride 
yidd when treated .with alkali hydroxides, pyrdgallol, and form on the 
surface of the tanned skin the so-called “bloom” (dlagic acid). 

Group IL T annin s which give a green colour with ferric chloride, 
with bromine water marked precipitates, and yidd with alkali hy- 
droxides pyrocatechol derivatives which' form the so-called reds 
(phlobaphenes). 

Group IIL A small group which pves with ferri^ chloride a blueish- 
green colour, and with biomittb water an ill-defined precipitate, yidd- 
ing little “phlobaphenes,” but a marked “bloom.” 

Distinction Between Alcoholic and Aqueous Tannins.— This 
distinction is of importance, as in some countries a duty is only collected 
on alcoholic tannin. A tannin which has been prepared by extraction 
with water, on treatment with ether and a subsequent evaporation of 
the ethereal extract, leaves a residue which, redissolved in alcohol, does 
not precipitate on the addition of water. On the contrary, a tannin 
which has been prepared by extraction with alcohpl, gives under the 
same conditions a distinct precipitate, due to the fats and resins which 
accompany it , * 

The following is a description of the best methods of formation and 
recognition of the decomposition-products obtained by the action of 
heat, dilute adds, and fused potassium hydroxide on different kinds of 
tannin. 

General Behaviour of Tatmins : Action of Heat.—When a tannin 
which produces a “bloom” on leather is cautiously heated to about 
200®, it is decomposed with volatilisation of pyrogallol in feathery 
crystals. On the other hand, the tannins which produce no bloom, but 
red deposits, show a somewhat similar behaviour, but the sublimate 
consists of catechol. From oak-bark and valonia, which apparently 
contain a mixture of both kinds of tannin, and hence yield both bloom 
and red colouring matters, both catechol and pyrogallol are produced 
on heating. 

In using the heating test for distinguishing the two classes of tannins, 
the temperature must be carefully regulated, or further changes take 
place and the recognition of the pyrogallol or catechol will be compli- 
cated by the formation of metagallic add and other secondary products. 
A better result is obtained by mixing the substance with several times 
its weiglit of sand or powdered pumice; and passing a stream of coal- 
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ga^OF carbon dioxit]^ thiougWthb retort^ to cany the products 
quicMy ovt oi the sidtere of actnuL A stiU better and more convenient 
^an is the Mowing, based on an obsem^n pf T. E. Thorpw (Ckm, 
Ngwsj 18^1, 43, 109) :, About I ghn. of thebample should be heated 
with ‘3 G.C. of pure ^yeerin to a tonperature of tpo® to. 300® for 20 
mimites. After cooling, the product is treated with* about 20 c.c. of 
water, and the liquid shaken mth ah equal volume of ether without 
^previous filtration. .The ethereal layer, which contains the pyrogallol 
and catechol, is. separated from the aqueous liquid, evaporated to dry- 
ness, and the iWdue dissolved in $0 ^.c. of warm water. The filtered 
solution is dhnded into several portions which are respectively tested 
with lime-water, ferric chloride, and fOrric acetate. - These reagents^ 
readily distinguish catechol from pyrogallol in the absence of the other, 
and will suffice for the recognition of the one in presence of not too 
la^ a pnqwrtion of the second substance. It must be remembered 
that the production of pyrogallol may have resulted from the presence 
of gallic acid in the original substance, if the tannin had not previously 
been purihed there^m in the manner indicated on page 2. Catechol, 
on the other hand, may be a product of the decomposition of catechin 
and other substance allied to and sussociated with tannins, unless care 
has been taken to remove them previouriy. As a general rule, how- 
ever, catechips and catechol-derivatives only occur in quantity with 
catechol tannins, and the same is true of gallic add with regard to 
pyrogallol. 

The Stiasiy test may also be applied to ascertain the presence or 
absence of catechol tannins. It is applied as follows; 

50 c.a of the solution is boiled for^io minutes with 10 c.c. of 40% 
formaldehyde and 10 c.a hydrochloric add. (i : i) and then cooled 
and filtered. If the ffitrate is tested with r or a drops of gelatine-salt 
solution, and t c.c. ferric alum (1%) solution with the addition of 5 gnn. 
sodium acetate, catechol tannins are completely piedpitated by this 
reagent, pyrogallol tannins gjving .a blue or violet lay^ at the junedon 
with the ferric salt 5% myrabdan extract can be detected in que- 
bracho or mimosa extract in this way. 

Only catechol tannins form diazo-compounds with diazo-benzene- 
chloride. This process may be used for estimating the catechol tan- 
nins in sumach, the nitrogen being estimated in the predpitate. (Nier- 
enstein mid Webster, Collegium^ 1907, 262, 224). 

Insoluble bromine derivatives are formed from dilute soludons of 



CLASSmCATION A^fD CONSimmON OF NATURAL TANNINS. 9 

the catechol tannins by the addition of brominO water. They also 
generally show a crimson cdour with concentrated sulphuric add, 
the pyrc^aliic tannms giving yellow or trovm shades. ’ 

A, Scyda {Chem, ZeU., 18^, 2.2, 1085) describes a bdicate test for 
tannins. He has noticed that if gold chloride is added to a very dilute 
solution of tannirt a dear ptnple liquid is obtained The principal use 
of this test is to determine the presence of tannin in highly coloured 
extracts. Before applying the test they are dilttfed until practically 
colouriess, the gold chloride is added} and the liquid allowed to stand 
for half an hour. 

The characters of catechol have already been described (Vol. III.). 

Action of Dilute Acids on Tannins. Phlobaphenes. * 

As already stated} many tannins are resolved on heating with dilute 
acids into dextrpse} and dther gallic add, ^gic add, or an amorphous, 
insoluble red colouring matter or phlobaphene, according to the nature 
of the tannin. Other tannins, yield these products without dextrose 
being simultaneously formed. As a riile, the action of dilute add on a 
tanifift results in the formation, apart from dextrose, of a single decom- 
position-product belonging to the aroinatic ^ries {e. g., gallic add, 
ellagic add, phlobaphene, etc.), but in some cases two or more of such 
substances are obtained from a tannin of apparendy homogeneous 
nature (page 3). 

To ascertain whether a tannin yields dextrose by hydrolyas, it may 
be freed from any admixture of carbohydrates by predpitation with 
neutral lead acetate, or saturation of the aqueous solution with salt 
and removal of the tannin by agitsdiou with ethyl acetate in die manner 
indicated on page 3. The washed leaci salt, or the tannin left on 
evaporating the ethyl acetate solution, is then heated to 100® for some 
hours, with dilute hydrochloric add, in a sealed tube or firmly dosed 
botde. (Mere boiling with the dilute add, replacing loss by evapora- 
tion, is suffident in most cases, especially for qualitative purposes.) 
After cooling and opening the vessel, the mixture shoqld be allowed to 
stand for some time in the cold, to observe whether any sparingly 
soluble product separates.^ In such case, the predpitate should be 
filtered off, and any traces remaining in solution removed by agitating 

^ To prevent eubeequent error. It is dedmble to get rid o£ any gallic add, by repeatedly 
agitating the solution of the tannin with ether beware precipitating with lead acetate. 
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the filtrate first wth %thyl acetate and then with ordinary ether. fThe 
^aqueous liquid is boiled, neutralised with sodium carb<mate, predpi- 
Uted with basic lead acetate (to remove any traces of tannin or colour- 
ing matters) , the liquid again filtered, the excess of lead removed by 
dilute sulphuric add, the filtered liquid again neutralised by sodium 
-carbonate, and heated to the b* p. with Failing's solution, when a 
yellow or red piedpitate of cuprous oxide will prove the presence of 
dextrose. This latter may also be indicated by a fermentation test 
with yeast, or by an optical examination as to rotatory power. 

The precipitate obtained on cooling the product of the action of 
dilute add on the tannin may consist of lead chloride (if the lead com- 
pound has been used), ella^c add, or a phlobaphene. The lead 
chloridp may be removed by washing with boiling water. If the 
residue has a pale yellow or fawn colour, and is but slightly soluble in 
cold alcohol, it probably conrists ofi ellagic add, which is soluble in 
ammonia and hot alcohol, and dissolves readily in strong nitric add 
giving an intense crimson colouration. A red-coloured residue, readily 
soluble in cold alcohol, will consist of a phlobaphene, which will be 
repredpitated on diluting the alcoholic solution with water, and may 
be further examined by fusion with potaS^um hydroxide. 

. The ethereal layer^ obtained by shaking the filtrate from the ellagic 
add and pblobaphenes with ether and ethyl acetate, will contain gallic 
add,' if any has been formed in the treatment of the tannin with dilute 
add. For its recognition the ethereal solution should be* evaporated 
to dryness, the residue treated .with cold water, and the solution filtered. 
The filtrate will give a fine red colour with potassium cyanide, if gallic 
add has been produced. The test may be confirmed by treating 
another portion of the filtrate with am aqueous solution of picric add, 
followed by ammonia, when a ieddlsh colour, changing to a fine green, 
will be produced if gallic add be present 
It is sometimes sufficient to boil the tannin or its Infurion with dilute 
hydrochloric add for some time, replacing the acid lost by evaporation. 
The solution is then diluted and allowed to cool, when ellagic add and 
pblobaphenes wifi separate, and may be filtered off and separated by 
treatment with cold alcohol as already indicated. 

PMobaphenes.— The pblobaphenes are anhydrides of the respect- 
ive taiffiic adds fronrwhich they are derived, being formed from these 
tannins by the loss of one or more molecules of water. They are pro- 
duced by the action of dilute adds on tannins. They may also be 
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in many cases by pouring alcoholic or highly concentrated 
aqueous solutions of the4annins into cold waiter, under which drcum- 
stances a part of the tannin becomes^insoluble and the phlobaphene 
separates as a red precipitate. Phlobaphenes exist ready-formed in 
most tannin materials capable of producing them^ and may be ^ssolved . 
out of these or |heir dried extracts by means of al(X)hoL 

The phlobaphenes are red or brown amorphous substances, diffi- 
cultly soluble in water, weak add solutions, or in pte ether, but 
soluble in water containing ammonia, and freely soluble in alcohol. 
Some phlobaphenes are so sparingly soluble in water, even when 
boiling, that this characteristic may be utilised for the estimation of 
the corresponding tannin. This is espedaliy the case if, after heating 
with hydrochloric acid, the liquid be evaporated to dryness* and the 
residue treated with water. The decomposition-products often remain 
almost entirely insoluble, for, though generally insoluble in pure water, 
they are dissolved more or- less by solutions of sugar and other sub- 
stances. The plilobaphenes are also dissolved by dilute alkalies and 
alkali carbonates, and by borax, which last substance is said to be 
used in the preparation of some tannin extracts, and has been suggested 
as a •means of rendering phlobaphenes available for tanning. The 
solubility of the phlobaphenes in water seems to depend on their degree 
of hydration, many tannins giving a whole series of anhydrides, of 
which those containing one molecule of water less than the original 
tannin are soluble in water, while the higher members of the series 
become less and less soluble as they lose the elements of water. The 
soluble phlobaphenes are the colouring matters of tanning materials, 
and behave like the tannins, themselves, precipitating gelatin and com^ 
bining with hide to form leather.^ 

The phlobaphenes somewhat resemble the resins in their properties, 
as, for example, their solubility in alcohol and slight solubility in water, 
and their behaviour when fused with alkali hydroxides; but they are 
distinguished from the resins by dissolving in dilute ammonia. With 
gelatin, ferric acetate, and lead acetate the phlobaphenes usually behave 
like their respective tannic adds. Occadonally a so-called tannin is 
met with («. g., hop-tannin), Which is not precipitated by gelatin, while 
the phlobaphene produced tharefrom is predpitated. 

> Hemlock-buk yields a series of sudi substeaoes, of which the lower 'members are 
deep-red ^uble tumins, and the hiflher fonn Uie red sediment which occurs in hemlock 
extract It is txot possible to decolomse hemlock esctract without at the same time greatly 
rMuciog Its tamUra powen. though by preparing and CMoentrating it at a low temperature 
tae proportion ok insoluble hi^er anhydrides formed may be kept at a minimum. 
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Phlobaphenca are yidded ^ tlfe tannic i^ds from the bark of the 
oak, dm, hor^chestnut, willow, birch, hr, aiid acacia^ w wdl as by 
from rhubarb, xna^fem, wine, etc. According to Gra- 
bowski, tha phlobaphenes firom the tannins of the odt; ratanhia, and 
tonnentilla are not merdy analogous to but actually identical with 
chestnut-red (see Querdtanmc Add). ^ 

Action of Fused Alkali on.Tannins. PWoroglucinol. 

When are subjected to the actitm alkaH hydroxide in a state 

of indpient fuddn, they are decomposed with formation of products 
varying with their constitutmn* taimms yidding catechol on diy 
distillation, that all those wMch give a green colour i^th ferric 
acetate— and valraia and odt-bark ta nni ns in addition— pve proto- 
catechuic add when fused with potassiumdiydroxide.^ On An other 
hand, those tannins which give pyrogaUol when heated alohe yidd gallic 
or dla^c add ^hen fused wiA alkali hydroxides.^ In each case Ae 
action brings about Ae dinunation of COy ^ 

The tannins wMch yidd protocatechuic add on fusion with alkali 
byAoddes may be furAer subdivided according to Ae secondary 
product formed simultaneously, one dass giving acetic or some other 
fatty add, and a second dasft, phlorogludnol (page 13).* A 'Ai^ 
indudingAe tannins of Ae alder and hop, give bo A acetic add 
and phloro^ucyol, but this peculiarity is not improbably due to Ae 
coexistence of 2 distinct tanning.* All those tannins which yidd 
acetic add instead of phloio|^udnol on Asion with pot^um hydrox- 
ide pve notable proportions of dextrose on heatjng wiA dilute add, 
while some, and probably afl, of Ae phloiogluckol tannins give no 
sensible quantity of dextrose. 

To recognise the pr^ce of a phloroglucinol-tannin wiAout 
employing the tedious meAod described bdow, H. R. Procter n^es 
5 C.C. of water, i c.c. of a satqratcd soAtion of commercial aniline 


I'Ae Tdationship of tbe« ptodurtiof the decomposition of taimio* may be indicated 
by the follomng foroul*: OH(') 

IBhH _co.-(^ah., ca.( 

XOH(*) 
roH 


Fiotocatecbuk acid ^ p.ti, 
(OibydiozybensoK acid) 


GalUeaeid . 

(Tiihydroiybenioic aad) ^ 


OH 
OH 

co.op 


-eos- 


(Pyi 


a^) 


C(Ht 


OH(n 
OH(»i 
H 
H 
OH(i' 
OH( 
OH 
H 


s 


« fhe formation of these products is due ton dSange aBtod to»^Uication, thus: 
f C„H„0,+KHO-KC,H,0*+<yisOj. 

Uorintannic Potassittm Fhkvodhciflol. 

Acid. . Prototrtedrtttite. ^ . 

•The futioe of add with sodhnn hydnudde if said to result m thoformatton ot a 
pwMti qtumtity cd phlmrogludnol (J* Ck*m,*Soc,t iSSji 44r6o). 
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nitrate, and i c.c. of a very cyiute sdiution ^ potassium nitrite. To 
this liquid is added x of a solution contaimng as nearly as possible 
0.5 p^ ceskt of the tAnnin to be examined. H phloio|^udnol or 
pbloro^uc^ol<tanDin ba present the liquid wiU gradua&y become 
yellow or orange, and ^ deposit a dbtmabar-ied precipitate after 
standing for a^time^not exceeding T hour, but many other substances 
also give precipitates under diese condiricm Thui the indication b 
produced by oak-bark ixiftxsioli, which b not supposed to cdntairi a 
phloro^ucinol^tannin, and gall-tannin, pyrogailol, and other sub- 
stances give similar bul browner precipitates. A sharper distinction 
may be obtained by employing dilute solutions, but it is advisable also, 
whenever possible,^ to act on the tannin with fusing ^potassium hy- 
droxide and examine the products. « 

The fusion with potassium hydroxide may be conducted on the origi- 
nal tannin, or on the substance produced by treating it with dilute 
add. The lead salt may be substituted ior the free tannic acid. The 
separation or recognition of protocatechuic and gallic adds or pyro- 
gallol when mixed is troublesome, and hence it is more sarisfadoty in 
most cases to aim at thO^isolation and recognition of phlorogludnol. 
Thefollowing method may be followed: 20 gm, of the tannin, phloba- 
phene, or lead salt are boiled with 150 c.c. of solution of potassium 
hydroxide, of 1.2 sp. gr. for 2 or 3 hour*, and the liquid then 
concentrated, stirring continiially till it becomes pasty, the mixture 
then undergoing ^fusion. ^ iThe product is cooled, and treated with 
dilute sulphuric add in quantity suffident to render the whole distinctly 
add when cold, the liquid is filtered from the potassium sulphate and 
other sdid matters, mid the filtrate is treated with sodium hydrogen 
carbonate till its wine^red cdouration with litmus (or absence of red 
colouration with methyl-orange) shows that the sulphuric add is 
neutralised. The liquid is then shaken ^veral times with ether, and 
the ethereal solution evaporated. The residue contains phloro^ucmol, 
recognisable by its sweet taste and reactions with ferric chloride and 
pine-wood. If necessary, it may be purified from protocatechuic add 
by predpitating the aqueous solution with neutral lea^ acetate, the 
filtrate being extracted with ether, or evaporated aftOT separating the 
excess of lead by hydrogen sulphide. 

Phlordglucmol. Phloroglucin. ' CgH^Dj.—Thb substance is 

* In SKnne nnm, such as tiuit j^UoMtin, it Is feudcient to boil the lufastance with potu- 
Motion, as deatir^|>ed io the te«, omittiitg the subsequent evaporation 
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isomeric with pyiogalloT aad h)r<littxyqumd. As possesses both 
hydroxylic andketomc properties; It is probable that it exists In two 
isodynamic^forms, one of which is readily converted into the other. ^ 

> S7in<trihydro;^bensea6. Isodymuaic iorm {tnlcetob«xameni]rleQ«.) 

OH . s 0 



Phloroglucmol forms small plates or rhombic tablets containing sH^O. 
It becomes anhydrous at ioo°, and melts at heated rapidly, but 
at 209® or even 200° if slowly heated. At a higher temperature it sub- 
limes without odour, and solidihes again on cooling. ^ 

Pbloro^udnol is sweeter thmi cane-sugar. It is soluble in water 
and alcohol, and readily in ether, and by dotation with the last solvent 
can be removed from its aqueous solution. An aqueous solution of 
phlorogludnol is not precipitated by any metallic salt except basic lead 
acetate. It is coloured deep violet by ferric chloride, and reduces 
Fehling’s solution and ammonio-nitrate 0$ silver. In concentrated 
aqueous solution it is converted by bromine into tribromophloroglu- 
dnol, CgHjEtjO,, which immediately separated in long needles, the 
liquid emitting a powerful, and tear-exdting odour. 

When dilute solutions of phlorogludnol and nitrate of toluidine 
or aniline are mixed, an4 a very dilute 'solution of potassium ni- 
trite added, the liquid gradually becomes turbid and of a brown- 
ish-yellow colour, timn orange-red, and finally p. vermilion-red pre- 
dpitate is produced. The test is a delicate one. 

If a freshly-cut dip of deal wood be moistened with a dilute solution 
of phloro^udnol {0.5%), and subsequently with dilute hydrochloric 
add, it acquires an intense violet or red colour. The reaction is 
also a delicate one.^ 

Action of Other Reagents or Tannin.— By heating a mixture of 
tanmn, potas^um hydrogen sulphate and e^thyl acetoacetate at 190^-200^, 
two different compounds are obtained: i. Ditannac^oacetic ester, 
C,4H,20,2, a yellowish-grey powder Which is slightly soluble in cold 
water and decomposed by hot, water; soluUe in alcohol and acetic 
ether. 2. Tannacetoacetic es^, which is scarcely soluble 

> The colour is readily obtained iHth infusiM ot gtodrier and probably of other phloio* 
gltudaoi tazuitb^4>ut ^ alao given by caiochoL 
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in either cold or hot water, read^ , soluble in alcohol, ether, and ethyl 
acetwcetate. By the action of ^ycerine <m a mixture of tannip 
potasfflum hydrogen sulphate substances are produced which, according 
to theii empirical formula, are reduced anhydrp-deriyatives of tannin 
or gallic add, ^th properties similar to hydroqueidtannic and hydro- 
quergaljic acids, the reduction products of the oak-bark tannic adds. 
From the mixture so obtainedhave been isolated: i. ^Hydrotannic add 
possessing tfie properties of taraiin,. but with stronger re- 
ducing power. It is a broym powder, soluWe in ammonia, alcohol, 
and dilute acetic add, hut insoluble in water- 2. Isohydrotannic 
add, Cj4Hj407, HjO, la h^own powder, soluble in ammonia and 
dilute boiling alcohol, aqd slightiy so in hot water, but insoluble in 
cold yater. 

If tannin is heated with gfycrane or dextrose, a compound is formed 
which is readily soluble in water and dilute acetic add. . Tl\e tannm 
glyceride is obtained as a colourless or slightly brownish-coloured 
syrup, while the ^ucoside is a solid substance which forms a syrup 
with water. 

P. Sisley {Rev. gen, des, Mai, Col., 1897, 16, 219) gives a r^sum^ of . 
the effect of various agents on tannin substances. T annin solutions 
when exposed to the air absorb oxygen and become brown in colour.. 
A series of oxidation produds is obtained, add in character, and 
rendering tannin solutions unfit for mordanting, in light shades. This 
oxidation does not seem to be dependent upon fermentation, and takes 
place more rapidly in dilute than in concentrated extracts. The 
presence of aod retards the change, whereas alkalies accelerate it in 
consequence of the phenolic character of t annin. Reducing agents 
bring about a decolourisation of dilute tanirni solutions, which, how- 
ever, is not permanent, the reducing agent" itsdf becoming oxidised. 
The protosalts of metals which are capable of different degrees of 
oxidation and which act as oxygen carriers behave similariy. With 
concentrated extracts sulphurous add is useful and preserves them 
comparatively well, but witlv diluted extracts the sulphurous acid is 
OHdised too rapidly. Arsenious and phosphorous adds, however,, 
give satisfactory results when used in small quantities. 

Dilute adds appear to hydrolyse tannius at high temperatures 
with the formation of gallic add. ' 

Solutions of tannins contain usually varying quantities of nitrog- 
enous and pectic substances, glucosides, and mineral constituents, 
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i6 

and these facflitate the growth *6f fements. ^ 

may convert die tannin into gallic acid; further nctfim fflen4|li% 

place, and carbonic, butyric, oxaliq, and lactic acute bei^ 

The glucosides present also undergo alcoholic fermentatwa pvo 
rise to the wine-like odour to be noticed ia crtswcts. 

Gallotannic Acid, Digallic Acid* Tai^c , A^ Tgpiiiii. 

Gallotannic acid occurs in gall-nuts in propc^^ns couia^y 
ranging 6o to 77%, and U usuaDy prepared tteefrom the* 
method of Pelouze described op page 3 ,^^ "i. 

Another plan is to extract gall-nuts with,a ipixture of la iprts of 
ether and 3 of alcohol, la parts of water added to the ertra^ and 
the alcohol and tther removed by distillatio|i. The»iesidual aqueous 
solution is then filtered and evaporated, the product being ^irther 
purified by solution in wat^ and treatment with a nim d ^lucoal. 
To obta^ the t ^nnm m a spongy ^nn, the sjnrupy stdutioil diould be 
mixed with alcohol and ether and evaporated at a moderate tempera- 
ture. The spongy form dissolves very readily. 

Pure gallotannic add may also be obtrine(^ Ikcoording to Schiff, 
by extracting gall-nuts with anhydrous ether to ^ch 5% of alcohd 
has been added. ^ * * 

As prepared by Pelouze’s process, tannin yields more or less dextrose 
or an analogous substance when treated with dilute adds (the amount 
obtained varying from o to 32%), gallic add being formed at the same 
time. Ordinary tannin has been represented by the empirical 
formula which would yield 23% of dextrose on hydrolysis. 

As prepared by Schifi^s process, however, gallotannic add yidds 
little or no dextrose on treatment with dilute add, though agreeiOg 
in its other characters with the product obtained by Pelouze^s method. 

H. Schiff obtained a gallotannic add ^thedcally by taking gallic 
add dried at no*’, mixing it into a thin pa^ with phosf^nis coy* 
chloride, and heating the nrixture first to 100® and then^at 120®. 
Hydro^n chloride is evolved, and the gallic add is converted into ayd- 
low powder, which should be washed with ether and dissdved in water. 
The Unchanged gallic add is allowwl to crystallise out, after which the 
solution is saturated with common Salt, the prec^iteted is 

washed with brine and redissolvedin ether IlccAol. The product thus 

A atrUwr purification nu 
tion of the product by acetai 
lead tanoate is thm treated 
comiplete decomposition, smd 
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obUwd ^esili the idEcdgm b perfe^y 

lecAttv^rted latD galUc Ad<^^ |^dio<^ric^a^, without 

the lonsa^a of tifteo^of # 3 ^^ <a dli^ Mdd» ^ ^ 
rthas he^ geneiilil conaidei^ galkltafimih add or tannin 

from has ^ cotDipofltdoti CnH^dn and in odbkitQtlon is the anhy> 

ddde^ gallk add, digai^ It is stjli <9nggeste(f4n cert^ 
quaiten tiutt add is a gjuoeside. Feist |4 ieceiiily aS ^ 
suggested a fo^nula, hosed cm Ibe dBhnnpti^. t Nieren* 

ste^ and ^qr^hold the opposite desr^ contendlii^ that those ihvesti^ 
gators who ittU ooqdder^faat tannk add is a ^idmdi^ hare not re- 
moved all the tannic add gdlle adds from solution before 
examining ita reducing powe^ with^Fehlhagfs solt^ltai^ ^ 

flawing IfCta tend to ehtchlate the constitution of gallo- 
tannic add: 4 4 

I. The fonnatkHi of gaOte gdd by hydro^rds from tmudc add: 

CiAA+^O-aC^O,. 

a; The foimatkia ol gsHamide and aiamoniunt gallate in almost 
theoretical pioportioos by boiling gailotanoic add aqueous 


ammonia In an atmo^ftbere d lydtogen: 

C,H, (OH)j,-CO.O.CA (QE0,.CO^+*NH, 
(OH)^CO.NH,+C^ (OH),.CO^NH,. 

,3^ The formation of a pdtt-ace^l-derivatlve by boiluig tannin with 
acetic anhydride for i hour, the 5 bydi^l groups b^ r^daced 
by a corresponding number of acetaxyi groups. ^ 

4. The immation of taiq^or a sul»tance giving aU Its leactlmis^ 
by heating mmiobromoprcdDcatechuic add with potai^ium gfilate aid 
alcohd: CA (0H)^CCK>K+BrCA(0H)^COOH-KBr+t^^, 
(OH)^CO.O.C,H,(OH),.COOH. 

ISitomt Investipttioas by Nlerjoistdii (Ber., 1928, 41/1015; 1908, 
4a, use, 19x0, 43, 6sS a^ 19x0, 44> have to H^t 

certdn reactions whkb agree with following fwir^ lor tannk 


add (tamkin). 


. ^C{OH).CH. . X(OH).COH. • 
HO.Cf' >.CO.OCf , ^H. 

* \CH:C(CO^ 


^«si(S^SsiiSit^iifSsShrst^ s^js^ 

Vot. 
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When with hydrogen peroxide, yieii el^c add df 
whjdi the constitutional formula is said by this authority to be 



OH* 

and penta'faydioaydiphenjdniethjdQlIde carboxylic ac^ 

C^(OH)giCO 

■* * * 

which occurs in reddish brown needia darkoimg at 305^ and 
decomposing at 33S^-34S^ slid gives a reddish brown colour with 
NaHCO, and a ydlow one with conceitrated suiphuik add. Gal- 
lic add heated with As, 0 , gives Sdtiff ’s oniigallic acid, and ategal- 
Hc add is obtained frdm protocatedmic add. When tannin is 
esteiified (Wemer’a method) a gallic add method e^ Is formed. 
This does not Ibdicaiea ketonic formula for tannhii nor does it entirely 
sui^iort the digaBk formula. ^Pekker’s formula 


HOC— CH-C.CO 

I I /° /Cac(OH>. . 

HO.C.C(OH)C.C(OH)C( X^.OH. 

^HG(OH)/ 

AqrnoMtrki. 


is not considered by Nierenstein to be suj^rted by the fact that be 
could only pepare^ the ace^ dernradve Ci^H^OfAci, for this formula 
jreqmres seven aoe^ groups. He regards tannic add as a mixture 
of at least compounck i^^firesented by the f oOowtng formuhe: 


-CO^-O— /\OH 


OH VOH HOOC\/OH 
OH 

DiSilBeMid . 


^CH(0H)-0 

EOSyOE HOOC 
OH 


OH 

‘oh 


Hydrates ol an ethyl ester d gallotannic acu! have been isdated by 


Mam^: (J. Amef, Ckem X910, 3% t3xx.) They have also 
been {Mptred frmn gjUicose and edi^ gaQate. Olie diem hae die 
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formula Tbb suf^rts tise foni&la 

for gaHlotannk tad. Feist^Jias suggested that taimm 
from ^ nuts^ consists a g^ycogallic aHd as a base to^which 

two molecules of gallic add are itta^ed in tho satufe of an ester. 
(Co., 1911?, 319.) ^ 

Glufeksmann, (C^gium, 1907^ 369, etc.) oonsiders that if dse com* 
pounds foruled with alkalis are phenylates and not salts that the add 
vfSue lor tannin should be nil He considers timt tannic add must be a 
« mciBobasic add (Ci4H,,0|) and that prdWy the group caudng 
tanning will be found to be the fhendic hydroxyl (me. 

The nature of these tannins the dosdy allied natural cdouring 
matters have been invesdgaM by Perkm in a series of pap^ published 
in ihe /. Chm, Soc* in 18^, 1897, and 1898 and also by Kostanecki 
(5«f.y 1895, a6, 3091, etc.) but the morre theoretical text*books must 
be consulted lor particulars these investigations. 

<<Pure” gaOptannic add fonns a (^louiless amorphous mass, light 
ydlowish bu|f-coloiued scales, or a brittle vitreous mass. It becomes 
yellow in the light even If sir be eluded. The taste is stri^^y 
astringeikt, and the reaction add. heated it (iarkens with or 

without fusing, and at 315^ decomposes with volatilisation of water, 
pyrogallol, and carlxm dioxide, while a r^due of metagallic or mdano^ 
gallic add, is le^ This last substance is the sole product 

when tannin b rapidly heated to 380*’. It is a black, amorphous, taste* 
less substance. Hie optical activity of gallotannic add is said by 
Rosenheim and Schidiowiu (rrans., 1898, 73, 878) to show a value 

{«)D-7ft0 7S.3® 

Gallotannic add is soluble in 6 parts of cold water, and more readily 
in hot It Is predpitated hrom its concentrated sedation by dilute 
hydrochloric or sulphuric ac^, common salt, and potasrium chloride 
and acetate, but not by sodium'sulphate or nitric add Skin and other 
gdatinous tisnies remove it cmii(detdy from its aqueous sdiutiom 
When the solutions ate dilute, sdi^ matter must be present to cause 
predpitatioD. 

In absolute aloObol gallotanmc add dissdves spirin|^y,^but it is 
more soluble in akobd conuining water. In absolutdy dry ethdr free 
from alolbol. tannin is almost insduble; after a c^tain portion of water 
has been added tiie tiqttid acfiarates into three layers. Whoi loo grm. 
of tannin are treated wRb xso e.c. d etiier, and too g.c. of water added, 
the lowest li^Iis a ctmeentxited aqueous salution of tannin; the middle 
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Ujlr soBQi^ tanaia aiKi mucn water; wli^ ^ uppcnndlf 

lay^ cinsiets'ol tiket hiM^i a E^e'tanalc idd^ iMonl I 

^ acM ^ practkallf iasoltdble in dtoelorm^^ beaMe, 

I^trob^ and carlxm tMpbide. ^In aic^de .and in 
giycenne it 1^ readEy a(dubl&^^ 

When ti&eii mternally^gaEoEusnkacId U into gaitie ai^ 

which may afterward ^^und k the and^^^ Taimln 
diffuses Wt dowiy In aqueous btd be didysed &mi| ks 

sdlutioii in alcohd. It is knowii that gaflotarmic add ia presfist |i a 
simple form m alcohol, bat in a state of mdecular aggiegati^ 
aqueous solution. 

GaUotannic add is rmdlbr od^ble* Jt ledocea the idta of ^ 9^ 
silver, mercury, and copper, permanganates, eto> Nitdc acid rapidly 
oxidises it, witii formation ofot^aEc ddd; and chlorine, bromine, Iodine, 
and chromic add kX tcadiLy <m this substance. 

GaHotannk add decom^^ues - carbc^es^ad Ws a monobasic 
add. Its solution in alkaH bydhnxfdes r^dlyoxidiBes, andacquiics a 
broiincdow. ?The {^dlotanDi& are lioaorphous imd 
parein a pure state. Most of^^em ate insdali^ 

One be the tnost important and character^ reactibhs of gilk>* 
tannic add is ^e fonziation ql a wMte "(or buff-odoured) toculent 
"precipitate %ith a sdutkm ol gdaffn. coagdum, which is the 
bads of leather; is not cdmplet^ ittsolnble in piue water, bed is wholly 
insobdde m preseiue ol exce» of tannk acid liinken frtsUy formed 
it Soften extronefy ffndy dndied, and passes timm^ die d(»est filter, 
but coagulalies on a d din g ammoidum chbdd^ aluin, and emtain other 
neutral salts. 

Added to a difide aoludmi ol gaffotannk add, lenofua mlphate 
occaskms im change^ ff free fromYettk sad, bul i^iUxs a iddte ^ 
d^dtate in a ooncentralod adutkiL ferric chlodde tannin pro* 
diM a bl^black predate ol&ilic gaffota^ the cdour 

of eddchh destroyed by b^ing, or ledidng ag^^ Additkmol hydxo- 
cldocklddmexcettfffMdyeadidprec^tati^^^i^^ is lej^rodoced on 
|dilh% sqditim acetaie. Fitk achate bdurr^ Ilim le^ 

Giio^ add gim nnseadkm wi^ a sdWkii «f oquk isdi^iate, 


cxASSn^noN cc^mycr^ON of taknins. si 

\With tartar and soluble isafaa of lead and bisnuith^ gsSk^ 

taimk Tidda irl^l^knde prec^tate% VW1& 
nfnmottiacal bar^m/:fa&mde|t 3ri^dB a white prjsc%)|t^ taping blue 
oa^qK^ule. ~ \ \ / =■ / r , ’ 


GaUotaxmic acid is not ppdp&ted l^^aldum acetate hom^ solu- 
tion tygbdy acidid^ uddi acedV^^^ ^ iokition ie]iuibis|dear 
e^ after adding tvn<^ its Tolutte ol alc^Kd (sepazatvm tartrates. 


citrate8» ozalajtes, malatei^ etc.)* / 5. ^ : 

With an ammoniacal ioNiQa pot8»uia ienkfBJoM&,^gz^ 
tannic add produces a deqp red cdotir cbangihi^ to biow^ even in 
vei^r dilute ^utions. The ttet, Sf|iich was first observed by Alkn," is 
very ddkate, but the colour is dertn^^ by a large Ircess of the reagent 
A somewhat almSar beimvkmr Is shtAm by gal&ciadd.^ 

Amincadum mofybdate yidds with tannhi a red cdouradoit which 
is yellow in cfiute solutkn% and k destroyed on adding oxalic add. 

Gallotannic^add my Jbe^ erthnatdl with considerable accuracy by 
oxidation with a atafidard solut^n of pcrtnanganate (jp^ 2a). 

GaUotannic add my be extracted from its addified aqbeous solu- 
tions by repeatedly agitating with eth^ acetate bee alcohol, and 
mjr thns be separated from taxteiic, dteiCi malic, and othervegrtable 
adds, but not from galKc add. # 

Some of these reactipiis fmdsk important distinctions bepreen 
ga&otannic add and gallic add and pyxogallol, wh|ch in many respects 
It closely resembles. The talkie pa. page 51 shows the reactions of 
galiotannk and" gafik adds and |»yr<^pL The, compan^e reac- 
tions ol gallotannic add and oth^ tannins arc ^en on page 7. 

(kmnaatdal gjattotmmic add is dm very impure* It may eon- 
tain inore or less deartcos^ chlcaoph^ volat^ ol^ gallic and eUsgic 
adds, has been foudd to the extent of ajs%* 

Dexfma may be drt^ted^ predpitating the ^utkm cl the s a m pl e 
with haak dsetete of Uu^wadhtai^ the filtifte with Feding’a solu- 
tem* A my be <^tocted by the same me^iod, bofiing 

the sdtnkm with dfiutesdphu^acdfQCtenn^mte8,andneatrali^ 
the sdiAm wkh a&aH^ 
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U cklmiik^ be present, on shaking the sampU wjp an equ|l w^t 
of iMkter and the same vdume of ^beteal wOt be cd- 

oured more or less gFeenisb. / 

Gaiiotannic add should be ehdrdijr, adnde in alcohols iC a residue 
' be leltit should be ezandi^ fd 

MinoFal adolterants will be indibated by ^don. Comiiiercia! 
tannin leaves a very indgnificant proportion of adi, o.4%fl}d&g appar- 
endy the i^arimum prop(»tion recorded ^ 

> GaUic acid may be detected in comn^fdal tannin by separating the 
tannin by the spedal lead solution (see page 70) and then testing the 
the hltrate with ferric chloride. Qonguxnmed silk absorbs l^th tannic 
and gallic adds, but according to Vtgnon, talmin is much more readOy 
absorbed than gallic add ^ « 

A method which is said to be csaptddt of ^tecting traces o{ gallic 
add in tannin has bemi described fay S. Young (pkmi 1883, 48 , 
31). The sample is disKdved m a ^littfe water, eth|r added equal 
in volume to about 1/3 of the water used, and the whole well 
shaken. standing, 3 layers are formed. The ethereal or 
uppermost is rmnoved, evaporated, and the residue dissolved in water 
and tested with potassium <yamde, wh^ a shrbng ted colouration Vill 
be obtained if the sam{^e contained even a trace d gallic add. The 
middle layer contains stiD more gallic ad4 whSe the lowest aqueous 
layer is almost free from it Bjr repeating the agitatioa with ether 
several times a more complete scparadon of the gallk ^dd can be 
effected. 

A determination of the actud ^alhtamtk add present in the commer> 
^ mK*} \)e tnadt by Lowenthal's permanganate method, or by 
the lude powder or copper process. The reddueof ‘*not tannin” does 
not appear always to consist entirdy o! ^lic add, dextrose being 
probably present in some cases. The following results were obtained 
by T. Maben (Pham. Jaum., [3], 1885, 15, 853), by applying 
thal 's method to representative spedmens of commerdat The 

tnotsiure was estimated by drying the samples in vacuo over sulphuric 
acid.* 


(“It to tte Klphuiic Mid Iqn^ 

^ Accwdiiw to C. Bsttififlsr (AmuiUn, tStt. uL lu) m thm 

and on baatiog the taanm with water and excm ot 
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water, even at loo® and but slightly 'soluble in alcohol. The aque- 
ous and alcoholic solutions have an add reaction. It is but slightly 
soluble in ether, but small quantities may be effectually extracted 
from the aqueous solution by agitation with that solvent. In potas- 
siiim hydroxide ellagic acid .dissolve to a yellow solution which 
rapidly becomes darker, and black crystals of potassium glauco- 
mdanate separate. Neutral ferric chloride, when shaken with solid 
ellagic add, is coloured greenish at first, but afterward becomes inky 
black. The solution of ellagic add in hot alcohol has a pale yellow 
colour, and deposits the add in sulphur-yeUow crystals on cooling. 
With lead acetate ellagic add yields a predpitatc containing 63% of 
PbO. Ellagic add dissolves in fuming nitric add with deep crimson 
colouration. With the product from divi-diW, the nitric add solu^on 
retains its crimson colour on dilution with water, but when derived 
from other sources, dilution is said to change the colour to orange. 

Nierenstein {Collegiumf 1910, 265) gives further results of inves- 
tigations dealing with the formula and constitution of ellagic add. 

Caffetaniuc Acid. Caffetannin. 

Ihis variety of tannic add occurs in coffee berries. When isolated 
it forms a brittle mass or a yellowish-white powder. It is only slightly 
soluble in ether. On boiling caffctannic add with dilute sulphuric 
add, or by exporing its solution in alkali hydroxide to the air, the liquid 
acquires a bluish-green colour owing to the formation of the oxidation- 
product, viridic add This substance is characterised by giving a blue 
predpitate with lead acetate and a crimson colour with strong sulphuric 
add. On prolonged boiling with alkali hydroxides, caffetannic add 
yields caffeic add, C^H^O^, which crystallises from the neutralised 
solutions. When fused with potassium hydroxide, caffetanm*c acid 
yields protocatechuic and acetic adds. Heated alone, it gives catechol. 
Ferric chloride gives a dark green colour with caffetannic add, and dn- 
cbonine sulphate a white predpitate, but solution of gelatin is not 
affected. 

Quercitaniuc Acid. Quercitaiuiin,^ 

According to C- Etti {J, Chem, Soc.f 1883, 44, 994) the tannin of 
oak-bark exists in two forms, namely, as querdtannic add, and as an 
anhydride of that add, or phlobaphcne.* 

( Ou«rcitAm)k acid Is to bs id«ntk*J with the tanftitts of th« sim. wiUow, and bla«k 
tea. 

* Ooarcitaitidc arid may b« praparad frem tmtina oak. bark with aioohot, «v»ponUnf 
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Querdtannic add is not a glucoside, the reactions which formerly 
caused confusion bdng really due to the presence of hevulin, which on 
treating the oak-bark with dilute sulphuric add was converted into 
I«vtilo 5 e.‘ 

Quercitannic add is amorphous, brownish-red, and readily soluble 
in water and alcohol When pure, it dissolves completely in ethyl 
acefate, but not in pure ether or benzene. 

In very dilute alcoholic solution, querdtannic add yields a pure 
yellow precipitate with neutral or basic acetate of lead, but in aqueous 
solution the precipitate produced is light brown. With ferric salts 
querdtannic add gives a blue-black colour, and yellowdsh-white pre- 
cipitates with tartar-emedc, gdadn, albumin, and alkaloids. It is also 
predpitated by solution of lead nitrate, ammoniacal chlorides of zinc 
and ma^esium, ammoniacal sulphate and acetate of copper, and by 
molybdate of ammonium. It readily reduces permanganate and 
Fehling's solut^pn. According to Procter, a dflute solution of querd- 
tannic add does not predpitate blood-albumin, but renders it unco- 
agulable by heat, even in presence of free add. 

According to £tti, querdtannic add has the composition 
At /30® to 140® it gives up water and yields the first anhydride or phlo- 
baphene, C..H which is brownish-red, neariy insoluble in water 
and in ether, but readily soluble in alcohol or mixtures of the same 
with water. It exists in the original bark together with querdtannic 
add and gives a brownish-red precipitate with lead acetate. When 
boiled with dilute sulphuric or hydrochloric add, the phlobaphene 
loses r molecule of water and yields a second anhydride, 
from which a third, may be obtained. All these anhy- 

drydes are soluble in alcohol and alkali hydroxides, and are precipi- 

the Sttered dinoMng the erhmct In enter, end igitatins the eolutkm with ethyl 

aceute, The pfXAluci obuincd on se^eretiQg end eveporatintf the ethere*t byer is ecccon- 
penied by e biowniih-graen terpene reein and with tome of the enfaydndes <A the tannin. 
The reein ntay be removed by treating the dried extract with ether or beoxene. in which 
it is rwulily tolubie: and the phlobapheoee or tannin-anhydrides may be separated by 
diteolving the tannito in t^er-akohol. or partially by mere solution in cold water. Or the 
•oluble anhydridee may be precipitatM by mturatinc the a()ueou* solution of the alctdkollc 
extract with common salt bwore Uialong with acetic ether. 

> Tannic adds, whkh are almost ineohtble in water, do not metnini^ occur in combina- 
tion with a lOflsr, and are therefore not giucoeides: their basis is Mud to be a Iwtooe acid 
and la formedlrom t molecules of galltc acid with um eiiminatioo of t mblecrUe of watw. 

* Etti polnte out the following diatinctione between gaUounnic and auerdtannk adds: 

„ (k^htarnttk Arid. AtitL, 

Heated with dflute aulphuric add Vlelde gallie add, giving VleMs phlobaphene (w 

to (40* under preaaure, a whiUi precipitate oak-red. givinga brown 

with lead acetate. predmtate with lead 

acetate. 

Heated with accUe anhyrhide, Foraw aceto-tannina. Yields aidiydrides end 

ooetyUsed enhydndes. 

Boiled with aoueous ammonia in Ylddanflainideaodam- Yields indehnite leiinoua 
an atmoq^itfe of hydioftt, momum i^late. products, 
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tated blue>black by fertic chloride. Lowe has obtained a fourth 
anhydride, which he designates oak-bark red, a name 

which has been applied by other observers to the hrst and second 
anhydrides. 

Tanners class the anhydrides as “colouring matter,” and reject 
barks cr extracts containing a large proportion, as they impart too red 
a colour to the leather, as in the case of red mangrove. 

From the number and mode of formation of these anhydrides, 
together with the evolution of methyl chloride on heating the tannin 
under pressure with dilute hydrochloric acid, Etti concludes that quer- 
dtannic acid is a methyl-derivative of digallic, or gallyl-gallic acid. 
Etti also investigated a tannic acid of the formula obtained 

from the bark of a different species of oak. This agreed with thoother 
acid in all its properties, e.xcept that it gave a bluish-green colour with 
ferric chloride, rapidly changing to deep green, and on addition of so- 
dium carbonate first to blue and then to red. This yariety of tannin 
yields four anhydrides siimlar in character to those of the acid with 17 
atoms of carlx>n. 

Lowe (/. Chm. Soc.f 1881, 40, 901) gives as the formula 

of the hydrated tannic add of oak- bark, and as that df the 

oak-red. Bbttinger (Btr., 1883, 16, 2710) adduces evidence in 
favour of as the formula of the tannic acid, and 

as that of the oak-red. He has also attributed to the latter the for- 
mula To the tannin of oak-uood he attributes the 

formula Etti gave the formula of the tannin of Q. pubescens 

as which agrees fairly w^'cll with Trimble's ultimate analysis 

results: C-59.79, H*5.oS, O-35.13. 

According to Etti, most of the sparingly soluble ketone tannic 
adds occur in plants in combination w’ith a metallic base, probably 
magnesium. By concentrating the aqueous extract, predpitating with 


1 It ta potiibte that the vvyinit •tatamenta mK^acting the compoaitim of mk-barlt tannin 
are cSse to the proence of t analMpnu wbatancai. According to P. MummI {Dingl. f*clyt , 
J.. >53* a 340). thi* » actuaUr th« caac. both lanmiw being prveipited by fslatin an<l 
oaidiaad by pmnanganatcL One, which be terms oak-Uonin, mav be cxUmctM by nepeai- 
edty agilati^ the imuuon with acetic ether, in which the oak-rea tannin ia ituohible, He 
prefen. however, to catimatc the oak red tannin by predpitation with iodine, avoiding 
preaence o( air. The compound tormed containa 7 .S% tit iodina and an equal quan- 
tity of iodine la oonvrftni into bydriodtc acid. An equal quantity of the InCwiion ia Uaaictl 
with ttnc odde. and. niter twenty-iour houn. and the abnence oi more than tracea oi tannm 
in the Siiered aohition being proved by i^lalin and femo acetate, the non-tannin matten 
am titrated with a N/io aohttioo oi iodine. Bv deducting the amount of lodHie renuirtyl 
bv the non-tannin matters from that ooruaimcd by an equarmeaeur* of the oriidflal fauuiiion 
the ior&ie whkh haa reacted with the tannins is tooiid. and by etibtracUng frMO thia twice 
the quantity <4 iodine contained in the precipitate of iodine oak red tannin, the iodine 
•ponding tile oak Unnin is ascertained. Bxamined In this maniwr, Muwet found Or- 
man oak-faaiia to contain from ? to i% of oak-tannin, and 6 to 10% of caUt-nd taofUa. 
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hydrochloric acid, and purifying the resulting tannic acid by extracting 
with alcohol and ether, he claims to have succeeded in isolating acids 
of the following composition: 

CnHi^Og from the stalk oak, 

CibHijO, from tannery oak-bark, 

CbbHjjO from copper beech-bark, 

CjjHjbOb from hop<ones. 

That the first acid contains a ketone group is shown by the formation 
of a phenylhydrazine derivative and an oxime. 

Tannin from Animal Sources. 

A substance having the character of a tannin has been extracted from 
corn weevils. 3% was obtained of a substance forming small reddish- 
yellow scales soluble in water, alcohol, aqueous ether, etc., and pre- 
cipitating gelatin, albumin, and alkaloids. It gave a blueish-black 
colouration wifh ferric salts, and on boiling \^*ith dilute sulphuric add 
split up into dextrose, gallic add, and a red phlobaphene. 

Lupulotannic Acid. Hop-tannin. 

The tannin of hops is a glucoside which is easily soluble in water and 
j)roof spirit, but not in ether. It gives a green colour with ferric salts, 
a dirty green predpitate with cupric sulphate, a yellow with lead 
acetate, and a brownish-yellow predpitate with lime-water. It reduces 
Fehling’s solution. Lupulotannic acid yields a predpitate with 
albumin but not with gelatin, unless it be previously dried at 100®, by 
which treatment it is converted into the anhydride or phlobaphene, 
a substance coexisting with lupulotannic acid in the hop, 
and having all the characteristics of a tannin. According to Elti, it is 
a glucoside which yields protocatechuic add, phlorogudnol, and 
dextrose. It predpitates gelatin solution completely, and reduces 
Fchling^s solution. It is soluble in alcohol and in alkalies, and is pre- 
cipitated on addifying the latter solution. 

Cttacbu^tannic • Acid. Mimotannic Add. CuHi^Ob* 

The tannins which yield catechol when heated differ from the pyro- 
gallot derivatives by giving a green colouration with ferric acetate. 
Like oak-bark t annin, they give insoluble red phlobaphenes or anhy- 
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drides by the action of dilute adds. Their constitution is in most 
cases imperfectly understo6d. The tannin of catechu- is typical of 
this dass of tannic acids.' 

Catechu-tannic add> probably identical with the substance described 
as mimotannic add^ is the astringent substance contained in catechu 
(cutch) and gambier.^ It is extracted by cold water from catechu, 
and is also formed by heating catechin alone to 130°, with water to 
1 10*^, or by boiling it with alkali hydroxides. Catechu-tannic add is a 
dark reddish-brown powder, moderately soluble in water, insoluble in 
ether, but readily soluble in alcohol and in ethyl acetate. It resembles 
gallotannic add in many of its characters, but gives a greyish-green 
predpitate with ferric salts, and no reaction with ferrous salts. It is 
also distinguished from gallotannic add by giving a dense predpitate 
with cupric sulphate and none with tartar-emetic; and by yielding 
catechol and phloro^ucol by fusion with potassium hydroxide. The 
aqueous ^udon is predpitated by gdadn^ albumin, ,and dilute sul- 
phuric add. When treated with hydrochloric acid and potassium 
chlorate in excess, catechu-tannic add yields a chlorinated-substitu- 
don-product which is turned purple-red by sodium sulphite. Catechin 
gives the same reacdon. 


Catechins. 

Catechu and gambier contain from ao to 30% of a substance called 
catechin, which appears to be the type of a number of similar substances 
occurring in all or most tannin materials yielding catechol-tannins. 
A catechin has been recognized in Colorado quebracho, and the kinoin 
of kino is of similar nature. The co-existence of several homologous 
or dosely analogous substances of the nature of catechin, even in catechu 
Itself, is the probable exf^anation of the difference in the formula 
assigned to catechin by different obsovers. Unless qualified in some 
way, by the term catechin the substance contained in catechu (cutch) 
or gambier is understood. . 

Cataebifl may be prepared from gambier or catechu by digesdog 
the powdered substance in cold water to remove the catechu-tannic 
add, and exbausdng the residue with boiling water. Impure catechin 
depodts as the soludon cools, and may be redlssdved in boOing water 
and decdouriaed by anima] charcoal. 

* It is dcwlitfsi wfMthcr Um tMnlii si ii idiKttici^ with Uittfc ot cktcclm. 
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Catechin forms a white powder consisting of silky crystalline needles. 
It melts at 3 z and yields a sublimate of catechol on further heating. 
It dissolve readily in alcohol and boiling water, but requires 1133 
parts of cold water for solution. Agitation with ethers or ethyl acetate 
extracts it from its aqueous solution, a fact which may be utilized for 
its purification. Thou^ sometimes called catechuic acid, catechin 
possesses no add properties, though it is soluble in alkalies. The 
alkaline solution turns brown on exposure to air. Catechin dissolves 
in strong sulphuric add with deep purple colouration. The aqueous 
solution gives white predpitates with lead acetate and mercuric chloride, 
and reduces ammonio-nitrate of silver, but, unlike the tannins, does 
not predpitate gelatin, alkaloids, or tartar-emedc; on the other hand, it 
give9 a predpitate with albumin. It is oxidised by permanganate 
in presence of free add, a fact which*niay be utilised for its estimation 
(page 60). Heated under pressure to 140° with dilute sulphuric add, 
catechin yields catechol and phlorog^udnoL With diazobenzene 
chloride, catechin gives a red crystalline predpitate, which is soluble 
in alcohol and ether, and dyes wool golden-brown. 

Catechin has been described as an anhydride of mimotannic add, 
the 'tannin of catechu and gambier, but according to Etti the opposite 
of this is probably the case. In constitution, catechin is possibly a 
phloro^udde. This view accounts for its decomposition by fusing 
alkali hydroxide with evolution of hydrogen and formation of proto- 
catechuic add and phiorogludnol: C.H^.COOH : 2C,H,(OH)j+ 
4H(0H) -C,H,(OH),.COOH+2C,H,(OH),+aH,. 

Different observers, however, are not agreed as to the composition 
of catechin. Thus Liebermann and Tauchert, who prepared a 
crystallised diacetyl-derivativc, attribute to catechin from catechu the 
formula CjiHjpO.+sHjO (Ber., 1880, 13, 694). 

By the graduated action of heat or dilute add on catechin it is said 
to be successively converted into the following anhydrides: 


Catechin, . 3C,|H|gOg ““CjgHjgOn 

Catechin-red; Catechu-tan- \ p tt ^ 
nicadd, . . . / ^s*”*^'^** 

Di-anhydridc, , , C„H„0,4 

Tri-anhydride, CjiHioOj, 

Catechuredn, 2C,gH„0, 


f Not add; does not pre- 
\ dpitate gelatin. 

(Acid; precipitates 
j gelatin. 

I Insoluble in water. 
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Gautier isolated 3 catechins from gambler, Rostanecki and 
Tambor {Ber,, 1902, 35, 1867 and ibid.^ 2410) may be consulted for 
further details. Catechol, phloroglucinol, and a red anhydride are 
produced when heated at 140® with i : 8 sulphuric add. 

Kinoin, a substance resembling catechin, is obtained 

from green or Malabar kino by boiling with dilute hydrochloric add, 
decanting from the precipitated kino-red, and agitating with ether. 
When recrystallised from hot water it forms small colourless prisms, 
which are difficultly soluble in cold water but readily in hot water and 
in alcohol. Its solution is coloured red by ferric chloride. Heated at 
i2o®“i3o® it yields the anhydride, kino-red, and this when 

healed at 160^-170® gives C„H,50„. Both anhydrides are precipi- 
tated by gelatin, but kinoln itself is not. When heated with hydro- 
chloric acid at i2o°“i30®, kinoln yields methyl chloride, gallic add, 
and catechol, and hence probably has the constitution of a guaiacol or 
methyl-catecbol gallate. 

According to Hennig kino-red is a colouring matter in intimate 
combination with a tannic add sup[x>scdiy identical with gall-tannin. 
As it possesses add projjerties, kino-red has been termed kinoic-(uui. 

Kino is quite extensively employed in medidne, as it is a powerful 
astringent, for the purpose of suppressing morbid discharges. 

Taxinin-yieldmg Materials. 

The following table gives the common names of the principal tannin- 
yielding substances used in commerce, together with the botanical 
names of the plants producing them, the parts of the plant used, and 
the usual percentage of tannin said to be contained in good specimens 
of each material: 
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Common name of 
material 


Oak-bark 

Cork-bark [ 

Valonia 

Chestnut-oak ex- 
tract. 

Hemlock -bark 

Hemlock-extract. . . i 

Churoo-bark 

Moneaia-bark 

Mangrove-bark 

Alder- bark 

Larch-bark. . 
Mimosa (Wattle) . . 
Catechu (Cutch) . . . 
Gambler 


Botanical name of plant 


Sumac. 

Chestnut- wood 

Chestnbt-extrmct. . . 
Ouebracho-wood ... I 
Ouebracbo-extract, | 
solid. I 

Quebracho-extrket, | 
liquid. 

Marsh Rosemary. . ... 

Ratanhia - . 

Myrabolana 

Divi-divi 

Kino 


Abies C^tnadensis 

Abies Canadensis 

Oxalis gtgantea (Chili) ? 

Chiysophyllum glvcyphloeum 

Khisopoora mang^ 

Alnus glutinosa 

Abies iarix 

Acacia dealbata and A. moUssima. 

Acacia and Areca catechu 

Cncariagambtrand U. acida 


Rhus coriaria, R. cotinus, etc . 

Ckutanea vera 

Do 

Aspidosperum quebracho, etc . 

Do 


Gall-nuts 

Tanurisk galls . 
Hove 


Cansalpina coriaria. Pod. . 

. Pterocarpus marsupium, and Drep- Extra 

anocarpus sene^lensis 

Ouercus infectona, etc Galls. 

lamarix Indica. and T. Africana. , Galls. 
t (Grmece and Aria Minor) ' Galls. 


Fart of plant 
usra 

Ordinary 

%of 

tanmn 

Bark ! 

8^13 

Inner bark j 

10-14 

Acoro-cups . ...... .1 

25-35 

Extract from bark. \ 

30 -J 5 

Bark 

10-14 

Extract from bark. 

18-38 

Bark. 

36 

Bark 


Bark 

i V-33 

Bark. 

i 16 

Bark 

6-8 

Bark 

34-30 

Extract from wood. ; 

45-55 

Extract troro leaves 

36-40 

and small branches. 


Leaves 

«S- 3 <» 

Wocxl 

1 8-10 

Extract from wood. 

14-30 

Wood 

' 14-33 

Extract from wood. 

5 3-60 

Do. do. 

1 

Root 

30^34 

Root 

38-43 

Fruit 

20-40 

Pod 

30-50 

Extract from fruit. 

75 

Galls 

60-77 


C. CouncItT (Oingl. Polyt. 7 ., 1885, 253, 483) has published the 
following results. The method of analysis w’as probably von Schroe- 
cler’s modification of LowenthaJ^s process. 


Mitnon-bark. Tasmania I 

Mimoaa-berk. Tasmania 

Mimoea-bark, Victmia 

MimoM-barfc. Victoria 

Boot-bark of Kermes Oak. "Garouiile" (Qmttims 
cxKci/fray 

Birch-bark, Priedrichtruh ..... 

Aldcf-bark. RioRnthal 

A ' w-bark. Riee^thal 

A der-bark. Riewntital . 

A (ler-bark, Rieatnthal. 

Alder-bark. Rieaenthal . . 

ow-bark* Rtuaian, purpNfM 

w I low-bark. Russian, ... 

ow-hark, Runlan. parpar*! 

Wj bw-^rk. Rttirian. atpstca 

” dlw-^rk, Rumian. amytd^ima 

Q'»ebracho.arood fhig^) - 

Ouebracho-wood Oowast). 

Chestnut- wood 


1 , I 


Tannui 

1 

ToUl . 

1 

*5' 

8 

i ’ 

t 6 .S 8 

15.05 

8.25 

33. 1 > 

19.93 

i »r.7S 

31.20 

16.54 

V-2S 

17 JO 

13.70 

; \ to. 00 

8.69 

7.88 


4 97 

3.9a 

tS.OO 1 

It .68 

11,15 

10.70 

7 -J* 

5-35 

6.80 ^ 

8.1? 

6.03 

10.30 i 

11. Si 

11.83 

It. 67 i 
i 7 .« 

ti .15 

1 .;s 

in 

.1 J.6 

3-43 

3.14 

«.7 

4-71 

3.70 

134 

4.6* 

t -34 

7 ,6 

3 . J 7 

a.J 7 

> « . 3 

j 19.36 

10.9? 

10.0 

i 16,4] 

7.66 

r . 3 

8.49 

S.48 
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The following results by Kay and Bastow ( 7 . 5 . D. and C., 1887, 
3, 132) were obtained by the assay of tanning materials exhibited in 
the Indian and Colonial Exhibition of 1886. The process employed 
was Procter’s modification of Ldwenthal’s method (see page 60). 


TAnning 


T«rmtnalia tomratosa (^Us) 
TennLiutia belerica ifruit) . . 
Tennixiali* chebtUa (fruit) . . 
Ceriops Rosburgb^Q* (bftr)() 

Camia auriculata 

Acada catechu (extract) — 

Acacia catechu (bark) 

Acacia arabica (pods) 

Areca catechu (nuU) 


Pcirentage of tannin 


In tenns of oxalic 
acid 


In terms <rf gallo- 
tannlc acid 


9 -J 4 

1 2 .86 

37.65 

19-94 


Mi 

t J.S6 


21.35 
22.44 
14 . 18 


F. Simand (Gerbcfy 1883, 21 1) gives the following results of the assay 
of various tannin extracts by the Liiwenthal-Neubauer method. 


Extract from 


‘ — i 

Tannin 

Denaitjr', J 

i Baume ; | 

I Total : Soluble in 

cold water | 


Remark! 


Quebracho- wood, wlid 

VaJooia,«ohd 

Oak-wood, liquid. ... . ... 

Oak-bark, tiquid ji** 

Fir, liquid 31 ” 

Chestnut'wood, liquid .... 31’’ 

Sumac, liquid 34' 


73 o« 

70.44 

14 . 4 ? 

24.37 

14.31 

23.52 

»3 3* 


70.09 

68,39 

15-69 

23 72 
T3.TJ 
21 .68 
10-75 


Dried before analyaU. 
^ Do. 

^ Do. 

Commercial extract. 
Do. 

I Da 

i Do. 


I. Ishikama has published the following figures showing thc«rengtb, 
in terms of gallotannic add, of various tannin-yieldtng materials of 
Japanese origin (Chem. News, 1880, 42, 274). 

PenxnUM oi tanftin (In 
(enm of gfukKuniik acid). 


Gafi-nttU Mapanese) 58 .$ to 67 .7 

Gali*miU fCraneie) 77 -4 

Fruit of Amiw 35.3 10 27.5 

Bark d ifyrtca mi^fa 10.3(015.0 

lUnd of Pcffincgraiuttr . 20.4 

Betebflut 18.0 

Oak 4 >ark {Quircus dintata) (inner) 7.4 

dmiata^ (^oultr) . , . j 0 
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D. Hooper (Am^, J , Pharm.y 1894, 377) has examined a large num- 
ber of Indian tannin-yielding plants for the amount of tannin which 
they contain. The following table gives a summary of his results; 


BridelU montaria 

Acacia pycriantha 

Acacia dccurrens 

Tenninalia cfaebula 

Psidium Guejava 

Candelia Rheedii 

Acacia Melariozylon 

Acacia leucophloea 

Woodfortia fioribunda . , 

Acacia arabtca 

Caaaa auriculata 

Rhodomytnis tomentosa 
Macaranga Ronburgi . 
Casuarina n^uisetifolia 

Cicca distichia 

Phyllanthus EmbUc^i . 

Acacia dealbata 

Terminaiia belcrica 

Bas^ longifoUa 


% I 

tanoin' 

39-4 

33.8 
33-4 
310 
37.4 

37.4 

36.8 

30.8 

30.6 

« 5-5 

30.7 
19-5 

18.4 
18.3 
18. 1 
18.0 

17.8 
J7’4 
17.7 


Mangifera indica 

Eugenia amottiana 

Tenninalia arjunn 

Anogossus la^olia 

Dioxpyrus cmbryopteris. . 

Saxifraga ligulata 

Ficus racemosa 

MyrUra nogi 

Cas^ hstula 

Diospynis (fruit) 

Eugenia Janiba) 

Eugenia Janibolana 

Eugenia montana 

Ficua indica 

Mimusops hexandra 

Flueggia leucophloea 

Eugenia caiyophyi-Iifolia . 
Mimosa pudica 


% 

tannin 
. 16.7 
. 16.1 
. 16.0 

■ 15.5 

- 15 o 
. 14.2 

14 t 

■ * 3*7 
. 12.9 
. 13.4 
. 13.4 

- 12.0 
. II. 9 

. 10. 9 
10.3 
. 10.3 
. 10. 1 
. 10.0 


Particulars are given as to the ^ of tannin in certain Cale- 
donian woods by U. J. JThuaw {CoUtgiumy 1908, 327, 376) and may be 
referred to where these woods are in question. 

Cfttechu or Cutch is the dried extract from the wood of the Acacin 
cateJtu and allied species. It is vcn' similar in nature to gambier. 
Cutch, however, generally occurs in more or less brittle, splinter)’ 
masses. Gambier occurs in light, porous brovsm cubes, more or less 
adherent, or in blocks measuring 2 ft. X i ft. X 9 in., soft internally 
and wrapped in matting. Terra japonua is a trade-name, now some- 
what obsolete, for both cutch and gambier. 

In addition to a large proportion of a variety of tannin (catechu- 
lannic add), catechu contains 30 or 40*^0 of catechin (page 28), which 
IS deposited on cooling a boiling aqueous solution. 

Catechu is not infrequently adulterated; starch, sand, clay, and 
blood being mong the materials said to be employed for the purjwse. 
Jessarl states he has met with an admixture of 60 to 70% of iron 
carbonate. Catechu should not yield more than 5% of ashy nor con- 
tain more than 12% of matter insoluble in boiling alcohol. Starch 
n'ay be detected by treating the sample with alcohol, boiling the 
VoL. v,-3 
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insoluble residue with water, and testing the cold solution with iodine, 
which gives the well-known blue colour in presence of starchy matters. 
The presence of ordinary lannin-maiiers is indicated by the modified- 
colour which the sample gives unth ferric salts, pure catechu giving a 
decided green. Blood may be detected by treating the sample with 
alcohol, and drying and heating the residue in a tube, when ammonia 
and strong smelling vapours will be produced. Aqueous solution of 
catechu should give with albumin or gelatin an abundant precipitate; 
Vkith salts of tin and lead, yellow precipitates of various tints; and a 
brown precipitate with potassium dichromate. It should take a 
decided brown hue with alkalies, and give a greenish colour with ferric 
chloride. Good catechu yields at least half of its weight to ether and 
should be entirely soluble in boiling water, the latter solution deposit- 
ing catechin on cooling. Catechu does not wholly dissolve in cold 
water unless it has been previously modified by age or exposure to 
dampness. 

An aqueous solution of Pe^n cutch gives a dense precipitate with 
bromine-water or cupric sulphate, neither of w’hich reagents affects 
gallic, gallotannic, or pyrogallic acid. In dilute solution, Pegu cutch 
does not form a precipitate with potassium dichromate, but ’gallo- 
tannic acid docs. 

The proportion of tannic acid in catechu may perhaps be estimated 
by Lowenthal ’s permanganate method (page 6o). The proportion of 
catechin is said to be roughly deduced from the volume of perman- 
ganate decolourised after removal of the minotannic acid by means of 
gelatin. More accurate results are obtainable by employing a 
moderate e.vcess of gelatin, removing the catechin from the filtrate by 
agiration with ether, evaporating the ethereal liquid, dissolving the 
residue in warm water and titrating with permanganate. 

In order to distinguish between catechu and gambler, Dieterich 
[Pkarm, Central^ i8g6, 2, 855) recommends the following test; 3 grm. 
gambler are dissolved in 25 c.c. normal potassium hydroxide and too 
c.c. water. 50 c.c. benzene (sp. gr. 0.700) arc then added, and the 
whole IS agitated in a separating funnel. After standing the layers 
separate, and it is seen that the licnzcne shows a more or less intense 
green fluorescence. Acacia catechu does not show this reaction. 

_&no generally occurs in irregular black fragments, but it is also met 
with in round cakes. Thin slices are often transparent and of a reddish 
CO our, t e powder is also red. Kino should be completely soluble in 
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hot water, forming a red liquid which, however, gradually becomes 
turbid. Kino is sometimes adulterated, the usual additions being 
dragon's blood, pitch, catechu, and ratanhia extract. The last sub- 
stance may be distinguished from kino by touching a fragment of the 
sample with the tongue; kino remains reddish-brown, but ratanhia 
extract takes a fine bronze tint, so long as the surface is wet. The ash 
of kino should not exceed 3 or 4%. 

Divi-divi is composed of the bean-like pods of Ccesalpina coriaria, a 
small tree found in the neighbourhood of Maracaibo and other parts of 
South America. The pods are about 3 in, long, brown or black- 
ish in color, and generally folded up, or bent into the shape of a letter 
S. The best pods are thick and fleshy, and of a comparatively pale 
colour, Deep brown pods with black patches have been gathered 
when wet, or subsequently exposed to dampness, which injures them 
considerably. 

Galls is a generic name applied to excrescences on plants produced 
by the punctures of insects for the purpose of depositing their eggs. 
Galls are the most valuable and important of all tannin matters. ^ Nut- 
gall^, oak- galls j Akppo or Turkey- galls are the product of the female 
of an insect called cyttips (gall-wasp), which pierces the buds on the 
young branches of the Qucrcus infect oria and other species of oak. 
The eggs therein deposited soon hatch, while the bud loses its natural 
growth and swells out to the size of a hazel-nut. When perfect, the 
insect punctures a hole and escapes. Good gall-nuts should not be so 
pierced; they should be hca^y, and of a fresh green or blue shade 
(“green galls”). If the insect has escaped, they are yellow and 
inferior (“white galls”). The best oak-galls contain 50 to 60% of 
gallotarmic acid, and about of gallic acid. 

Worm-eaten galls are sometimes doctored by filling the holes with 
wax. The fraud may be detected by immersing the galls in boiling 
water, which melts the wax and renders the holes visible. Exhausted 
galls have been coloured by washing them with a solution of ferrous 
sulphate, which is readily detected by its chemical reactions. 

Knoppern are galls formed from immature acorns of several species 
of oak, and are used for tanning throughout Austria. In a large 
number of samples of Austrian galls of the year 1884, Eitner found 


‘ A sample of nll-nuts analysed by Guibourt contained; tannic acid, 65 .0; gallic acid, 
a.o; ellagic and luleo-gallic acid, 2.0; chlorophyll and volatile oil, 0.7; brown cxtractis'e 
2.5; gum, a.<: starch, 2.0; woody fibre, 10. s; sugar, albumin, and ash. i.j; water,. 
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from 28 to 35% of tannin, the moisture being about 12% (/. Chem. 
Soc., 1885, 48, 947). 

Chinese and Japanese gall-nuts are a production of the Rlius semia- 
lata. They are very light and hollow, and distorted by numerous 
protuberances, and are completely covered by a thick velvety grey 
down. Chinese gails are much used for the preparation of tannin, of 
which they contain about 70%. English galls from the common oak 
are much inferior to the foreign varieties. They are smooth, brown, 
and slightly speckled with pale brown excrescences. The Japanese 
are smaller, paler, and generally more esteemed. 

Myrabolans are the fruit of several species of Terminalia. In 
size and shape the myrabolan resembles a slightly shriveled plum. 
As imported, myrabolans contain from 3 to 7% of moisture, and leave 
about 10% of ash on ignition. The tannin is chiefly contained in the 
dried pulp enclosing the stone. 

Good myrabolans should be of a pale buff colour, plump, or but 
slightly shriveled, and free from worm-holes or blackish stains or 
blotches. They should be hard and firm, and when broken with a 
hammer should form a light-coloured dry' powder and irregular frag- 
ments. If they crumble between the fingers to a dark coloured ’dust, 
or flatten under the hammer, they are inferior. The stones contain 
very little tannin, and hence their 4>roporlion should be ascertained by 
breaking 50 nuts with a hammer, clearing the stones from any adherent 
pulp, and weighing them separately. They may constitute from 23 
to 52% of the w'hole fruit. 

Ground myrabolans should be light in colour, dry’, and free from a 
saline, or an intensely bitter taste. \\’hen slightly moistened and 
rubbed in the hand they should adhere tenaciously to the skin. 

Myrabolans are sometimes mixed with earth, sand, nux vomka, 
betel-nuts, and a variety of seeds and berries. They may also be 
adulterated with finely ground divi-divi, wild galls, and old and worth- 
less sumac. On scattering the powdered substance on a sheet of 
paper, and examining it with a lens, it will be recognised by portions 
of its brown, flat, smooth pea-like seeds, which from their hardness 
and smoothness escape being crushed to powder. The leaf stalks of 
sumac are readily distinguished from the tom, irregular fibre of the 
myrabolans. • 

Myrabolans possibly contain the same tannin principles as Algaro- 
billa, and in similar quantity. 
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Sumac or Sumach, consists of the leaves, leaf-stalks, and small 
twigs of several species of Rhus. It is sometimes sold whole, some- 
times coarsely bruised, but more commonly in fine powder. The best 
Silician sumac gives a bright green powder which has a pleasant tea- 
like odour. The second quality is reddish-yellow; and Spanish 
sumac has usually a fawn colour. 

Sumac should be quite dry, and free from cakes or lumps, the pres- 
ence of which shows the sample has been exposed to dampness and will 
probably have become seriously deteriorated. The colour should be 
bright. If dull, the sample is probably damaged by long keeping, or 
is mixed with sumac of inferior quality. 

Sumac sometimes contains a notable proportion of earth or sand; 
10% of ash is sometimes left on ignition. 

Cape sumac {Osyris Compressd) contains a glucoside osyritrin. 
Transvaal schum sumach {Osyris abyssinica) is said to produce an 
inferior leather and colour. This tannin forms a phlobaphene more 
readily than the Cape variety. It also contains osyrtrin. 

The analysis of Virginia sumac has been considered in some detail 
by Palassay (7. Amer. Leather Chem, Assoc., 1910, 5 , 404). 

Valonia consists of the acom-cups of certain species of oak, chiefly 
exported from Smyrna, but also obtained from other parts of Asia 
Minor, as well as from Greece and Grecian Archipelago. They 
should be of a bright drab colour. If dark they have suffered from 
dampness, and will be inferior in quality, 

Cayota is a reddish-brown bark which comes from the southern part 
of Mexico, where it is used for tanning thick sole leather. It is easily 
powdered, has a resinous odour, and contains from 22-30% tannin. 

Algarobilla consists chiefly of the pods of iht Ccesalpinmbrei^folia 
of Chili; it is used considerably in its native country for tanning and 
black dyeing. Its tannin is not a uniform body, but is a mixture 
one of which is a glucoside of gallotannic acid, furnishing gallic 
acid and sugar by hydrolysis. A second tannin, ])resent in much 
larger quaniity, is free from sugar. It easily separates into ellagic acid, 
and is identical with the tannic acid prepared from myrabolans and 
divi-divi. 

Algarobilla gives the folIo\N*ing reactions; 

Sulphuric acid 

Hydrochloric acid — render the solution turbid. 

Oxalic acid 
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Alkali hydroxides — ^liquid turns brown, slight precipitate. 

Lime water— darker colour with an abundant dirty white precipitate. 
Alum 

Stannous chloride | -/^‘•o'^-brown precipitate. 

Aluminium acetate — copious clear yellow precipitate. 

Lead acetate — greenish-yellow precipitate. 

Copper acetate— reddish-brown precipitate. 

Iron salts— blackens solution; bluish-black precipitate. 

Iron salts (in small quantity)— greenish-black colour. 

Potassium dichromate— yellowish-brown liquid. 

Gelatin— copious yellow-brown precipitate. 


Chestnut {Castanea abounds in many districts. An e.x- 

tract is made from the wood which is chiefly used for sole leather. 
It IS really soluble at 6o°, Sulphites and soda have been added, but 
they are not desirable additions. The best extracts are rich ii/tan- 
nins,^ and yet remain clear, \on-tans are said to be rmportant in the 
tannin operations, but this matter is in doubt. 

Particulars of the manufacture of chestnut extract in America 
Tvhere the present output equds 500,000 barrels per annum, is given 
by Kerr (J. Amer.Leather Chem. dsioc., 19,0, 5, 485). The analysis 
of chestnut wood is said (.Msop, J. Amer.Leather Chem. Assoc., 1909, 

4 , 95 ) to give difficulty owing to substances which yield almost in- 
finitely to the extraction. 


Canatgre consists of the ground roots of the rumex Inmenoseialum 
Rowing in the sandy soils of Mexico and the southwestern states of 
Amenca. The wood contains 21^30% of tannin, and its extract con- 
tarns 40-60% of tanin (Trimble). 

Quebracho is a tree which is native of Argentina, Culia, and other 
sub-tropical countries. Its name signifies "break hatchet,” and 
refers to the great hardness of the wood. The tree grows to a consider- 

ZleT ' TK 

propert es. 1 he w-ood has a density of i . 26, and when freshly cut has 

exSre°'TTi on 

exposure. The tannin from the bark and wood is readily extracted by 

boiling water. The ground wood contains about 18' ^ of tannin, which^ 

extrL ’in 50-56% of tannin, while the dried 

extract will contain over 6o% of tannin. 
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An infusion of quebracho gives^he following reactions: 

Dilute sulphuric acid and hydrochloric acid, a bright orange precipi- 
tate. 

Alum to an alkaline solution, an orange-red lake. 

Aluminium acetate, a yellow precipitate. 

Stannous chloride, an orange-yellow precipitate. 

Stannic chloride, a darker precipitate. 

An iron salt, in small quantity, a blue-black precipitate. 

An iron salt, in large quantity, a grey precipitate. 

Potassium dicjiromate, a reddish-brown precipitate. 

Copper salts, a greenish precipitate. 

Lead acetate, a bright precipitate. 

Aluminium sulphate, a greyish precipitate. 

Palmetto is an evergreen palm-like shrub, which grows abundantly 
in the southern states of America. The e.xtract contains from 8 to 
1 2% of tannin and is employed for tanning leather. 

Mimosa, Acacia, Wattle Bark. — Wattle bark is obtained in Xatal 
and Australia, and more recently in East African protectorate, trans- 
vaal, etc. It contains 24-42% of tannin* and 10-12% non-tannins. 
The maximum yield is obtained from 6-8 year old trees, but it jields 
at 4 years. It produces leather of good quality and texture and has no 
tendency to harshness {Bull. Imp. Inst., 1910, 8, 245). 

Mimosa (Acacia) gives a light reddish colour to leather. The 
tannin is readily soluble and extracts are obtained up to 8-10% before 
concentrating. The liquors keep well and have high weighting power 
almost equal to quebracho. It is chiefly suitable for sole leather. 

On an average of 260 samples Peassler gives the follo\\ring figures for 
mimosa barks: 

. FilUr Shake method. 

Tannins .o(ij*-4S) 31,5 (30.5-4,6.5) 

Non-tannins. 9,5 1 1 .0 

Insoluble 43.0 43,0 

Water 14.5 14,5 

Mimosa extracts give the following average figures: Tannins, 31,5, 
non- tannins, 9.5; insoluble, i.o; water, 58.0%; ash, 1.5: sp. gr., 
21-28 

Mangrove. West African Mangroves, Red (Common) and 
n kite. — The red variety grows in the mud by the sea, the wood is 
very hard, the heart being dark red. The young wood is yellow. The 
bark is said to contain 17.5% tannin (Moller) or 39% (Paessler) and 
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is used locally for colouring fishing n*ets. This red colour is an objec- 
tion in tanning. 

Trimble found the following reactions in a i% solution: ■ 

Ferric chloride, Efirty green ppt. 

Lime-water, Pink ppt. 

Bromine water, Yellow ppt. 

Uranium acetate, Red-brown colour. 

No sugar was found associated with the tannin, which is a catechol 
derivative. It is said to be the only tannin which gives a precipitate 
with sulphuric acid. 

The white variety (Laguncularia racevwsaj Gr.) contains a pyrogallol 
tannin. It is said to be useful in combination with divi-divi, producing 
a light leather. 

There will probably be an extended use for this in the future. The 
composition of these 2 varieties has been given as follows: 


White mcngroi’e. Red mangrove^ tl^es/ A frican. 

Water 10.42% 10.42% 

Tannins 22.80% 9-io% 

Org. non-tannins 3.06% 13 -64% 

Inorv 2.95% 2.52% 

Insol. at icxi° * 62.77% 64.32% 


.Qualitative Recognition of Tannin Materials. 

The following tables, due to Procter, shows the behaviour of 
infusions of a number of commercial tannin matters with various 
reagents. The infusions must be very weak, not exceeding 1.002 
sp. gr., or precipitates may be formed where mere colouration or cloud- 
ing is described as occurring. By means of the table, the origin of any 
simple tannin infusion is said to be ascertained, but in the case of 
mixed infusions the indications are less reliable. In such cases, colour- 
reactions are misleading and it is safer to rely on the direct test of pre- 
cipitate or no precipitate, colouration or no colouration, without re- 
gard to the tint. 

In some cases, only negative indications are recorded, and the mate- 
rial cannot be positively identified in admixture with other tannin 
matters giving positive indications with the same reagents. Thus an 
infusion of myrabolans could not be distinguished with certainty from 
an infusion of divi-divi, where any other material, such as gambicr, 
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was present, which gives a deep colouration with concentrated sulphuric 
acid. 

In addition to the reactions described in the table, the identification 
of the products of the action of heat on tannins, and of their treatment 
with dilute acids and fusing alkali hydroxide, affords a valuable means 
of identification. 

Most, if not all, of the ordinary varieties of tannin give with an 
ammoniacal solution of potassium ferricyanide a deep red colouration, 
rapidly becoming brownish, especially on addition of excess of the 
reagent. 

The extract from a bark yields more ash than that from a wood. 
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Reagent Myrabolans Din-diW 


Boiled with Pale deposit' Pale deposit 
equal volume of (ellagicacid)| (ellagic acid) 

dilute sulphuric! on cooling, j on coaling, 

acid (i to 9 ). I 1 i 

Bromine water.! No precipi-! No precipi- 
I tate. j tate. 

Dilute ferric Blue-b lack Dark blue 
chloride. i precipitate. ; precipitate. 

On adding am- Brown pre- Darkreilpre- 
monia. cipitate. cipitate. 

Solution tartar No precipi- Faint cloud-, 
emetic. tate. ing. 

Add ammonium Light pre- Dense pre-; 
chloride. cipitate. cipitate, j 

Copper sulphate. Paint cloud- Slight green: 

ing, precipitate. | 

On adding am- Dense dark Dense dark 


monia. precipitate, precipitate. 

Lime-water Yellow pre- Yellow pre- 

: cipitate cipitate 

1 turniiig turning 


I greenish. purple. 

Ammonium mo- Dirty yellow Dark green- 
lybdate in ni- precipitate. ish preeiju- 
tric acid. j ^ tale. ^ 

With sodium Yellow col- Yellow col- 
sulphide ex- j our. our. 

posed to air, | i 

Add concen-i Yellow col- Intense crim- 
trated sulphur- our. &m. 

ic acid to i 
drop of infu- 
sion. 

Lead nitrate. Light yellow Dark yellow 
precipitate, precipitate. 

Cobalt acetate. . . Buff precipi- Buff pink 
tate. ■ precipitate. 

Manganese ace- ^'cllow pre- Yellow pre- 
late. cipitate. cipitate. 

Uranium ace- Dark red Dark red: 
tate. colour, ; colour. 


Ammoniacal pic- No precipi- No precipi - 
ric acid solu- tate. late, 

tion. 

Potassium Brown pre*: Brow’n pre- 
dichromate, cipitate. cipitate. 


Valonia 

i ' 

OaV- hArV Chestnut wood 
uak-bark (extract) 

Slight pale 

Slight pale No deposit. 

deposit. 

deposit or, 
turbidity on. 


cooling. 

No precipi-i 

Pale precipi- No precipitate. 

tate. j 

tate. 


Blue - blacky Bluish- black Blue-black pre- 
precipitate. I precipitate, cipitate. 


Red - brown Red-brow’n Purple precipi- 
precijiitatc. | precipitate, i tale. 

No precipi-. No precipi- Slight clouding, 
tate. I tate. 

Pale precipi- Whitish pre- Pale precipitate, 
tale. j cipitate. 

No precipi- Slight pre- No precipitate, 
tate. I cipitate. 

Dark reddish Brown prc-| Light brown 
precipitate, cipitate. 1 precipitate. 

Yellow pre- Brown pre- W'hite precipi- 
cipitate cipitate. tate turning 

tuniiiig < iigtU blue, 

red purple. ; i 

Dark green Greenish pre Yellow colour, 
ish precipi- cipitate. ^ 
cate. : 

Turns pur- Turns re*!. No change, 
pliih-rcd. I 


Deep yellow-, Dceti red pre- Light yellow*. 
I cipjtatc on 
i dilution. ' 


Pale pre-; nrr>w-n pre WTiite prccipi- 
cipitate. ' cifutatc. ' tate. 

I : 

Dirty pink Brown pre- Flwh - coloured 
precipitate, cipitate, j precipitate. 

Dirty yellow Brow-n pre- \S'hite precipi- 
precipitate. , tacipitate. tate. 

Dark red Dark browm Crimiion colour 
colour. ; precipitate, turning dark 

! r^. 

Biyjwn pre- No precipi-, No precipitate, 
cipitate. i tate. i 

I j 

Brown prc-| Brow*n prc*| Brown precipi- 
cipitate. | cipitate. ; tale. 

1 I 

I ! 
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Hungarian 

larch 

. (extract) 

Hemlock 

(extract) 

Mimosa 

^rk 

Cutch 

(Pegu) 

Gambler 

(cube) 

Gallo tannic 
acid, i % 


Abundant 

Heavy red 

Light red 

Reddish de- 

Usually some 

lent deposit 

red floccu- 

deposit on 

deposit on 

posit on 

pale deposit. 

separates 

quickly. 

lent deposit 

cooling. 

‘ 

cooling. 

cooling. 


Yellow precipi- 

Yellow pre- 

Yellow pre- 

Yellow pre- 

Yellow pre- 

No precipitate. 

tate. 

cipitate. 

cipitate. 

cipitate. 

cipitate. 


Du 11 brown 

Dirty green 

, Full broi^m 

Green-black 

Intense green 

I Blue-black pre- 

precipitate. 

precipitate. 

precipitate. 

precipitate. 

colour. 

j cipitate. 

Dull red precipi- 

Reddened 

Purple col- 

i Dark red 

Reddened. 

Reddened pre- 

tate. 

i precipitate. 

our. 

i precipitate. 


cipitate. 

No precipitate. . 

No precipi-, WTiite pre 

No precipi- 

No precipi- 

No precipitate. 

tate. 

i cipitate. 

tate. 

tate. 


Pale precipitate. 

Slight pale 

Dense white 

: Pale precipi- 

' Faint cloud- 

Wltite precipi- 

precipitate. 

precipitate. 

tate. 

ing. 

: tate. 

Slight cloud. 

Pale pre 

cipitate. 

Slight pre 
cipitate. 

■ Dense pre- 
j cipitate. 

Profuse pre- 
cipitate. 

No precipitate. 


Deepblue col- Dark gr«n Dcepredpre- Deep violet Dark green Brown precipi- 
oiiralK*n. colouration, cipitate. ; colouration, colouration, tate. 

Dirty brown Brf>wn pre : Slight red- Slight cloud, No precipi-Pale precipi- 

precipitate. cipitate. I dish pre-: soluble in tate. j Ute turning 

I ! cipitate. i excess. blue. 

I ! ^ , 1 , 

Slight clouding. Slight pre- Brown pre- Slight cloud. No precipi- \ ellow colour, 

cipitate. ( cipitate. ■ soluble in tate. 

excess. | 

No change No change. : Turns red. I Slight red- No change. No change. 

; I dening. 1 


Dark brown or. Intensecrini- Intense pur- Deep r^l, no Dark brown \eIIow. 
crimson. i son. ple-red, precipitate or crimson. 

1 I i on dilution., j 


Pale precipt-: Pale precipi- Clouding. No precipi- Faint cloud- White precipi- 
tate. j U-te. ’ tate. , ing. tate. 

Purplish precipi-; Purple pre-‘ Brown pre- Bro^m pre-; No precipi-; Purple precipi- 
tate. cipitate. cipitate. ’ cipitate. j tate, j tate. 

Slight clouding. Slight pre- No precipi- No precipi No precipi- White precipi- 

; cipitate. tate. tate. i tate. ; tate. 

I . i I ^ 

Slight darken- Light brown Dark red , Dark red | Dark red i Crimson colour, 

ing. precipitate. , colour. ! colour. ; colour. ■ Brown pre- 

i ; I ! cipitate. 

No precipitate. ! Clouding. ! No precipi- No precipi- No precipi- No precipitate. 

' tate. tate. tate. 

! I ^ ■ 

No precipitate. \ Brown pre- Brown pre- Bniw*n col- Bronm pre- Browm precipi- 

I cipitate j cipitate, our, | cipitate tate. 

slowly slowly ; 

1 fortned, j j formed. t 
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The ash of an oak or pine extract may contain manganese and has 
green colour, or becomes green on being fused with sodium carbonate 
and a little potassium nitrate. 

On shaking a concentrated solution of quebracho extract with ethyl 
acetate, the ethereal layer becomes at first green and then brown. 

The bark and extract of the American chestnut oak {Quercus cas- 
tanea) contains a substance exhibiting, like aesculin, a powerful blue 
fluorescence, especially in alkaline solution. 

Pure tannins yield different kinds of derivatives with phenylhydra- 
zine; but as these do not crystallise no satisfactory separation can be 
made in this manner. 

Sumac extracts are distinguished by a peculiar tarry smell, and 
yield a high percentage of ash. 

Proctor {J,Soc. Cliem. Ind., 1894, 13, 487) gives the following tables 
for the qualitative recognition of tanning materials: 

TABLE I. 


Bromine water produces a 
precipitate. 

Bromine water produces a 
precipitate. 

Bromine w’ater produces no 
precipitate. 

Iron-alum gives greenish- 
blacks. 

Iron-alum gives blue or 
purplish-blacks. 

Iron-alum gives b I u e- 
blacks. 

(Catechol tannins.) 

(Minted and doubtful.) 

(Pyrogatlol tannins.) 

CuS04 with e^ccess of 
NH4OH. 

XaNOj with 5 drops of 

nAohci. 

NaNO: with < drops of 
N/ioHCl. 

Precipitate ' Precipitate 
redissolves. ; does not 

I redissolve. 

No reaction, ' Colour change 
or, at most, | from red 
darkening. ; towards blue 
or Green. 

Colour change 
through Red 
to Blue. 

No reaction. 

ift ! 

3a 

3 a 


Table 11. ' Table III, 

Table IV. Table V. 

Table VJ. 

Table VII. 


TABLE II. 
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TABLE irr. 
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Lime- 

water 

Slight 
greyish pp. 

Reddish 

pp. 

Flesh 
colour pp. 

No pp. 

Red pp, 
darkened 
by excess. 

Light 
brown pp. 

YelWw- 
brown pp. 

Light 
yellow pp. 

Slight 
greyish pp. 

Flesh 
colour pp. 

Reddish- 
browti pt). 

i 

s 

Red-brown 
not intense. 

Crimson 
dilutes pink. 

Red-brown. 

Dull crimson 
not intense. 

Red -brown. 

Crimson 
colouration 
dilutes pink. 

Red. 

Crimson 
dilutes pink. 

Do. 

Do. 

Crimson 

tlihites 

pinkish. 

1 

Pink 

colouration. 

Reddens 

somewhat. 

Pink colour. 

Pink colour. 

Slight 

reddening. 

Doubtful. 

Doubtful. 

Pink colour. 

Pink colour. 

Pink 

colouration. 

Reddens. 

i 

Deal 
shaving 
and HCl 

Violet 

faint. 

Do. 

Trace. 

Doubtful. 

No react, 

T race. 

Trace, 

Violet 

distinct. 

No react. 

No react. 

9+y 

No react. 

Pink or 
violet col- 
our. 

Possible 

trace. 

No react. 

Slight 

reddening. 

Pink colour 

pp. 

No react. 

N<i react. 

No react. 

No react. 

N*> react. 

i+S 

; ^ 6 « j. 

: ^ '2 £ & t H c! E 

K g.S'is 

1 g Si^ Sd s g 5 g g g 

\ o c: 

I 

pfuuuoSlj tf t;2 K — 

nT3 ™ d rt «rrt rt c«~. • ‘Tl Tl 

£■3 i £: t g £ g g g 

^®‘o 0 c olio 0 ^ ^ V- 

: 25 55 Z ?:'0 Z ^ 

Bromine 

water 

d c. d 6. c. d d d d d d 

pL, Oh Cu 

Ferric 

alum 

Do. 

Do. 

Do. 

Do. 

Grccn- 

black 

colouration. 

Orecn- 

black. 

Do. 

Do. 

Do. 

Olive-green 

colouration. 

Class 

■ 3 ^ 3^ 2 . So - ^ S' C.2 y 

fel- 5 : 9 ..I ■■ 1 s ? 9 

Fo 5» i^"5E'|£= »5.“ 

si 1 “1 si 8? 2| S 

* 1 si i-i -I “'5 

li n 1 |s li II? si !i ni |l 

1“ 4 I 1 !^S |S |st fb adj gd 


1 Infusions fluoresce, especially with ammonia. 
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Used at Cape of Good Hope. 
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The reagents employed in the above tests are prepared and used as 
follows: 

Ferric alum, a 1% solution. This salt appears to be better than 
ferric chloride or acetate. It may be reasonably assumed that any 
tannin which gives a distinctly greenish-black with iron is a catechol 
derivative, but there are a large number of materials, especially among 
the acacias or mimosas, which give purplish blacks, but are almost 
certainly catechol tannins; and, on the other hand, the oak barks which 
Trimble has proved to be catechol tannins, and most of which give 
green-blacks with iron, also yield bloom, or ellagic acid, and are there- 
fore also allied to gallic acid. Another reagent is therefore employed 
in the preliminary classification, viz., 

Bromine Water, — It is best to add this drop by drop to 2 or 3C.C. of 
the infusion in a test-tube until the solution smells strongly. In some 
cases the precipitate is slight, or forms slowly, and occasionally it is crys- 
talline and on this account less easily recognised, but it is usually a dis- 
tinct yellow or brown flocculent one. In general terms it may be said to 
be a reagent for the catechol tannins; precipitating all which give green- 
blacks with iron, and many which give blue or violet-blacks, which are 
reasonably suspected of containing catechol It does not precipitate 
any recognised pyrogallol tannin, but several which yield ellagic acid 
(bloom), such as oak barks. 

Nitrous Acid Reaction. — This reaction is obtained by adding to a 
few c.c. of the very dilute infusion in a porcelain basin a distinct excess 
of freshly prepared solution or a few crystals of sodium or potassium 
nitrite, and then 3-5 drops of N/ to sulphuric or hydrochloric acid. In 
typical cases the solution instantly turns pink or crimson, and slowly 
changes through purple to a deep indigo-blue; but in others, as sumac, 
where the reaction is feeble, and masked by other changes, the final 
colour is green or even brownish. In a large number of cases, nitrous 
acid produces a yellow or brown colouration or precipitate, but '“reac- 
tion” in the tables invariably means a series of colour- changes as above 
described. The reaction is given by all tanning materials which yield 
ellagic add or " bloom,” but not by ellagic add itsdf, nor by pure gallo- 
tannic add. It is therefore probably a reaction of ellagitannic add, 
and is valuable for subdividing the mixed and pyrogallol tannins. It 
may also be obtained faintly from some of the oaks in Class i/?. 
Copper Sulphate and Ammonia.--A i% solution of copper sul- 
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phate is employed, and is added to the tannin solution first, follow- 
ed by ammonia in slight excess. 

Stannous Chloride and Hydrochloric Acid.— This reagent con- 
sists of a strong solution of stannous chloride in concentrated hydro- 
chloric acid. If about lo c.c. of this are added to i c.c. of the tanning 
material infusion, in a procclain basin, and allowed to stand for lo 
minutes, coniferous tans, mimosas, and some others give a very marked 
pink colouration. This is specially distinct in the case of larch bark. 
If a small piece of larch-tanned leather be steeped in the reagent, the 
colouration appears very strongly. 

Deal Shaving and Hydrochloric Acid. — A shaving or slip of any 
pine wood is moistened with the infusion, and then, either before or 
after drying, is again moistened with concentrated hydrochloric acid. 
In the case of cutch and gambier, and a few other materials, and of 
solution of phlorogludnol itself, the spot becomes at once a bright red 
or violet, but in many cases the indication is faint, and only appears 
after some hours. It probably always indicates the presence of 
phloro-glucinol. The statement that catechol gives a similar reaction 
appears to be incorrect. 

Sodium Sulphite.-— A few' drops of the tannin solution are placed 
in contact with a crystal of sulphite on a tile. Many tanning materials 
produce red or pink colourations, but in no case so marked an indica- 
tion as valonia. 

Sulphuric Acid. — About i c.c. of concentrated acid is cautiously 
added to a few' drops of the tannin solution in a test-tube so that the 
acid forms a layer beneath the tannin. The ring of colour at the 
junction of the 2 liquids is noted, and then they are mixed by shaking 
and diluted with water. 

Lime-water is a most useful reagent. The action is best seen in 
a shallow porcelain dish, and time must be allowed for the changes to 
take place. 

The infusions of tanning materials employed should contain about 
0.6 grm. of dry soluble matter in 100 c.c. 

Most tannins possess dyeing properties, giving a variety of browmish 
or yellowish shades on textiles. There seems to be an intimate connec- 
tion between the colouring principle and the tannin matters contain- 
ed in the same plants. On decomposition, the same acid, and in 
some cases the same phenol, is obtained from both. The following 
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table will show the corresponderAre in the decomposition products of 
the tannin and its respective colouring matter: 



Tannin 

Decomposition 
product of 
tannin 

Colouring 

matter 

Decomposition 
product of 
colouring matter 

Quebracho 

Colorado. 

; Quebracho- 
tannic acid. 

Phloroglucinol ' 
and protocate- 
chuic acid. 

Fisetin ! 

j 

Resorcinol and 
protocate- 
chuic acid. 

RhusCoriaria. . 
Rhus Cotinus . , 

Gallotannic 

acid. 

Gallic acid . . 

Myricetin 

j 

Phloroglucinol 
and gallic 
acid. 

Gambier 
Catechu. 
Acacia catechu. 

Catechin . . 

Phloroglucinol 
and protocate- 
chuic acid. 

1 

: Quercetin. . . 

i 

i 

Phloroglucinol 
and protocate- 
chuic acid. 

Divi-<livi 

Ellagilannic 
! acid. 


Ellagic acid . . 



A. G. Perkin {Trans,, 1897, 71, 170) finds that the colouring 
principle of Cape sumac is a glucoside, osyritrin, C 27 H 3 (, 0 i 7 + 2H30, 
which is decomposed by acid into quercetin and dextrose, Venetian 
sumac showed the presence of myricetin and not quercetin as stated by 
Lowe. 

Valonia, divi-divi, myrabolans, algarobilla, and gall-nuts, owe any 
dyeing powers to ellagic acid, and contain no member of the quercetin 
group, 

Andreasch {Gerber, 1894, 20, 195 and 207) gives in tabular form 
the reactions in alcoholic solutions. These have been used by the 
Vienna Institute for the examination of such extracts obtained from 
finished leathers. 

Analytical Methods for Estimating Tannic Acids and Tannins. 

A number of methods have been described for estimating tannin 
and assaying tannin-yielding materials. In many instances the fact 
Has been overlooked that gallic acid, while behaving in many respects 
like tannin, does not form stable insoluble compounds with gelatin and 
albumin, and hence is considered valueless for the purpose of tanning. ^ 

‘ It must, however, be remembered that gallic acid is carried down or absorbed, by a 
tannin -gelatin coagulum and may then play some definite, il obscure, part in the process of 
tinning when present in the non-tans. 
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These and the following points mlist be carefully considered when 
deciding on the selection of any process of analysis for special pur- 
poses. It must be remembered that the chemistry of tanning is so 
involved that only practical trial and experience can confirm the rela- 
tive values of different tannin materials. For the purpose of the tanner 
a purely empirical method of analysis is still adopted. The “active” 
tannic acids are absorbed under certain artificial, but definitely laid 
down conditions. This has been found to be absolutely necessary in 
order that different analysts may obtain similar results when reporting 
on the value of these materials. Under these specific conditions it is 
assumed that the value of any extract or tanning material may be 
ascertained and results obtained which will indicate its relative value 
in terms of this absorption. The necessary details are confirmed and 
varied by International Conferences, both in Europe and America. 

For the dyer these “official” figures may have little value in cases 
in which dyeing black on iron mordants, or the weighting of the silk 
fibre is the object aimed at, or when mordanting cotton for dyeing 
light shades with basic dyes. Under these conditions a process which 
is in some way comparable to the conditions in practice may be more 
suitable, as in the corresponding case of the leather industry. The 
hide-powder results may therefore be of minor value to the “lake 
manufacture,” or the black silk dyer; and for special purposes one of 
the other processes of analysis may be selected and supplemented by 
some practical test, such as the actual weighting of a silk yam under 
standard conditions, or the dyeing of the same on one or more mor- 
dants, or the treating of cotton yam in some similar way to that 
adopted in working on the large scale. 

Oviing to the highly organised condition and official status of the 
hide-powder process these points are sometimes overlooked. 

Sampling of tannin materials is often a troublesome operation, 
and together with the difficulty attending complete extraction is a fertile 
source of error. The official associations have stringent conditions 
which cover this operation and these must be referred to. 

When available, a steel mill is the best means of roughly pulverising 
most tannin materials. With the exception of barks, the grinding can 
be effected by a disintegrator with fine screens, taking great care to 
prevent the escape of dust. Barks may be sampled by cutting each 
fragment with a small circular saw or rasp driven by a lathe, and 
collecting the dust. 
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In sampling valonia care must be taken to get a due proportion of 
the beard, and in taking myrabolans it must be remembered that the 
bad berries are light and apt to work toward the top of the bag. The 
sample being partially reduced by one of the above means, the 
moisture (usually 15 to 16%) must be estimated by drying at 100°. 

Sampling Extracts in Barrels. — Lepetit {Collegium^ 1910, 382) 
proposes that in the place of the official regulations the total number 
of casks to be sampled shall be the square root of the total number 
less one, instead of 5%. The barrels are rolled a distance of 20 metres 
and left to stand for a few minutes first on one end and then on the 
other. The bung is removed and 2 buckets full of extract removed, 
the contents of the cask being shaken before removing the sample to be 
tested. This method is said to occupy much less time and to be more 
efficient than the official European method. 

The extraction of tannin-matters is better effected by treating 
the sample at once with a large quantity of water than by repeated 
treatment with smaller quantities. Reference may be made to the 
official methods of extraction for analysis. 

The analysis of chestnut wt>od is said (Alsop, J. Am, Leather Chem. 
Assoc. t 1909, 4, 95) to give difficulty owing to substances which yield 
almost indefinitely to the extraction. 

Tannin solutions free from colouring matters have been prepared by 
adding zinc sulphate and ammonium sulphate to the solution; tannate 
of zinc is thus precipitated, which is washed with a \ery dilute solution 
of ammonia. It is then suspended in 5 times its volume of water and 
decomposed by dilute sulphuric acid. Barium sulphide is added till 
no further precipitate is formed. The precipitate, which consists of 
zinc sulphide and barium sulphate, is removed, and an almost colour- 
less solution ojf tannin remains. This method has been applied to the 
manufacture of colourless ejclracts. 

Tan liquors have been decolourised by treating with lead nitrate, 
and afterward adding alum and borax. Strontium hydrate and car- 
bonate have also been used for the precipitation of the colouring 
matters; sulphuric acid being added to the filtrate to remove the excess 
of strontium salt. Clarification is also accomplished by eiectrol)^mg 
the liquid to which has been added oxalic acid and sodium chloride. 
Sumac may be decolourised with fair results by the use of ox-blood. 

Crasser recommends a special apparatus for tannin extraction 
{Collegium^ 1910, 345) in place of Procter’s sand- filter apparatus. 
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It consists (see Fig. i) of 2 copper cylinders, the inner one being 
supported by the projections e. The lower extremity of the inner tube 
is packed with cotton wool at 0. The material to be extracted is 
contained in this inner tube. Water, at a gradually increasing tem- 
perature (from 25°-6 o°) is poured on the substance until 400 c.c. has 
passed, when the litre flask at the bottom is replaced by 
an Erlenmeyer flask containing 250 c.c. of water. A 
condenser is attached and extraction takes place for 
one hour and the extract is added to the first 400 c.c. 
Re-cxtraction takes place with a fresh 250 c.c, of water 
until the material is e.xhausted. With spent material 
it is sufficient to boil up with 300 c.c. of water. 

Of the numerous methods which have been devised 
for the assay of tannin -matters, many have been based 
on the principle of precipitation of the tannin by a solu- 
tion of gelatin or its alisorption by a gelatinous sub- 
stance. In some cases the weight of the precipitate 
formed, or the increase in the weight of the solid 
gelatinous substances has been found, but the better 
plan is to ascertain the quantity of tannin precipitated 
by comparing the solution after the treatment with the 
original untreated solution. This is done by Hammer 
by taking the sp. gr. ; by Simand and Weiss by weigh- 
ing the solid matter left on evaporation; and by 
Lowenthal by determining the volume of standard 
permanganate solution decolourised by the solution 
before and after removal of the tannin. These methods, 
which appear simple enough in principle, are in practice surrounded 
with very considerable difficulties, especially when gallic acid or other 
impurities are present. For instance, the disturbing action of gallic 
acid on the ordinary hide-powder process may be indicated by the 
following figures, the estimation of pure gallic acid being attempted 
in different ways with the following results: 


Dreaper method (lead separation) shows 0.0% tannic acid. 

Dreaper methofi (hide powder separation) .... 45.6% tannic acid. 
Hide-powder process 27 .©% tannic arid. 


These variations were found on further investigation to be due to 
two distinct causes: i. Absorption of gallic acid by hide powder; 2. 
solubility of hide powder in gallic acid solution. In the first case 



Fig. I. 
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neither of these defects are present, in the second the absorption of the 
gallic acid is estimated, in the third this result is modified (to the extent 
of i8.6%) by the solubility of the hide powder which partially ‘‘cor- 
rects’* the error in the second case, as the non-tannins are estimated 
by direct weighing (D reaper, Chem. News, 1904, 90, 3). 

These results are given, as they indicate the nature of the controlled 
action of the recently introduced chrome or “treated” hide powders. 
The chroming action, by rendering the hide powder less soluble, 
tends to correct the above error (18.6%), and at the same time by re- 
ducing the hydration of the hide material, correspondingly reduces the 
ratio of the absorption of gallic acid without materially decreasing 
that of the tannic acid. The res’ lt of variations in the hydrogel state 
of such precipitating media (as gelatin or albumin) has been investi- 
gated by D reaper and Wilson (J. Soc. Chem. Ind., 1906, 25, 515) and 
reference to the results obtained will give the analyst some idea as to 
the nature of these reactions, and the absolute need for some artificial 
control over the absorption by hide powders under varying conditions. 
The figures given above represent the extreme errors possible with this 
process, for it was found that in the presence of tannic add in the 
.solution the hide powder was apparently not so readily hydrated. 
The portion dissolved from the hide powder and the absorption of 
gallic acid were both reduced. A modified hide powder must be 
looked for as a standard, which will give equal results to the above 
separation method when using gallic acid alone. It may then be 
assumed that in mixtures of tannic and gallic acids no absorption of 
the latter, or solution of the hide-powder substance will take place. 
Owing to this var\‘ing action a blank experiment with distilled water 
may be quite useless for determining the soluble matter in any 
sample of hide powder under the conditions of analysis and such a 
test should be discarded. 

Only certain portions of the hide can be used in the preparation of 
hide powder, and all samples used are prepared under standard con- 
ditions and in bulk. From the foregoing considerations the empirical 
nature of this method of analysis is obvious. 

The absorption of colouring or other substances by hide powder or 
gelatin may introduce a serious error as they may be weighed as tan- 
nin. The fact that these substances are absorbed under certain con- 
ditions by these precipitating media is one of real concern to the 
analyst, and must be considered when deciding on any method of 
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analysis. Where this disturbing influence is present a process should 
be selected which does not depend on the direct weighing of the sepa- 
rated tannic add. In the case of the control of solutions, or vats in 
industrial operations this may be necessary. It may be advisable in 
such cases to assay the original tannin material by the hide-powder 
process, and also by the one selected for use in the dye house or tanning 
yard, so that the latter method may be standardised in terms of the 
hide- powder processes. The mere “ carrying down ” of other materials 
coloured or otherwise of an inactive nature by say a copper, or anti- 
mony lake need not necessarily interfere with the assay of the tannin 
where the resulting precipitate is not weighed. 

The influence of third substances (such as acids or salts) on the 
proportion of gallic acid carried down, or absorbed by, the gelatin 
coagulum or hide powder may be both marked and definite in its 
nature. 

In fact, gelatin nearly free from ash will not precipitate tannic acid 
(Weiske, Phys. Chem., 1891, 7, 460) but on the addition of an 
electrolyte precipitation takes place. In the same way albumin free 
from inorganic salts will not coagulate under the action of heat. 

It has been pointed out that these results and others obtained by 
Pauli {Pfiuger^s Archiv.j 1899, 78, 315) show that slight variations in 
the conditions such as the varying presence of salts may materially 
alter the composition of the precipitated coagulum and emphasise the 
absolute need for an official or recognised method of analysis based 
upon conditions which will reduce these errors to a minimum, or at any 
rate standardise them (see J. T. Wood, Collegium^ 1908, 337, 494; 
also /. Soc. Chem. Ind.y 1908, 27, 384). 

The Oxidation Method of Tannin Assay. 

This process, which was first worked out by Lowenthal, is based on 
the fact that tannin is oxidised in acid solutions by permanganate, 
though the slowness of the oxidation and the want of definition of the 
end-point render the method unsuitable without modification. By 
addition of a considerable quantity of indigo the oxidation of the tannin 
is controlled, and the end-point is rendered more definite. As 
solutions of commercial tannin-matters contain other oxidisable 
matters besides tannins, it is necessary to separate these and titrate a 
second time, in order to ascertain the volume of permanganate actually 
required by the tannin present. This separation may be effected by 
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digestion with hide powder, or by a solution of gelatin, the use of which 
was first suggested by Estcourt. 

The compounds of gelatin and tannin have recently been studied by 
J. T. Wood {CoUegiumj 1908, 318, 257 and 319, 269) and reference 
to the results will show that the ratio of tannin to gelatin is not a 
constant, the tannin being precipitated in greater ratio in stronger 
solution. Washing also influences the ratio, it being in one case 
reduced from 310 to 212. The composition of the gelatin coagulum 
formed has been studied by Trunkel {Biochem. ZciL^ 1910, 26, 458). 
It varies greatly according to the conditions of coagulation. 

In practice, Lowenthal employed a mixed solution of gelatin and 
common salt, to which a small quantity of sulphuric or hydrochloric 
acid had been added. In using this form of the process it is generally 
necessary to let the mixture stand several hours in order to obtain a 
clear filtrate, besides which the gelatin substance remaining in solution 
has a slight though generally negligible reducing action on the perman- 
ganate. In some cases, even after long standing, filtration is very 
tedious, and it has also been proved by F. Simand (/. Chem,Soc.i 1883, 
43 > 1237) that a certain proportion of the tannin-gelatin precipitate, 
varying with the acid and kind of tannin present, remains in solution, 
and hence that the results obtained by the process are below the truth. 

On account of these objections to Lowenthal ’s process, Procter pro- 
posed a modification in which the excess of gelatin is removed by 
saturating the liquid with common salt, and the filtration is facilitated 
by addition of kaolin. A perfectly clear filtrate wholly free from 
tannin, and nearly so from gelatin, is thus obtained without difficulty. 
The following were the details given: 

Ten grra. of sumac or valonia or 20 grm. of finely ground bark are 
exhausted by water (see page 57). 

a, 5 c.c. of the solution for analysis is run into a porcelain basin 
and diluted to 750 c.c. by addition of distilled water and 20 c.c. added 
of an indigo solution, a litre of which contains 5 grm. of the purest 
indigo-carmine,' and 50 c.c. of concentrated sulphuric acid. A 
solution containing i grm. of potassium permanganate per litre is 
then run in very' slowly drop by drop with vigorous stirring, until the 
liquid becomes transparent, Avhen the addition is continued more 

* The indigo-carmine (sodium sulphindigotate) must be of such quality that the solution 
WMn OKidiaed by permanganate is a pure yellow colour, free from a trace of browm or orange. 
Indigo-purple, whi^ gives brown oxidation -products, interferes with the accuracy of the 
atmlysU. The indigo solution ^outd be of such strength that lo c.c., diluted to 750 c.c. 
With water, shall require from 14 to 16 c.c. of standard permanganate for its oxidation. 



62 


TANNINS. 


cautiously, with occasional pauses, until the clear yellow liquid ap- 
pears of a faint pink colour on the margin. The titration is repeated, 
the volumes of permanganate required in the two cases being added 
together and called a. 

In employing the oxidation-process, the volume of permanganate 
required by the tannin should in no case exceed 2/3 of that 
reduced by the indigo. If the result of the titration shows that this 
proportion has been exceeded, the experiments must be repeated with 
a smaller quantity of the tannin solution. 

b. For the gelatin separation 50 c.c. of the tannin solution should be 
mixed in a flask with 28.6 c.c. of a freshly made and filtered soltuion 
of gelatin' (2 grm. per 100 c.c.) . After shaking, the liquid is saturated 
with common salt,^ which increases the volume to 90 c.c. 10 c.c. of 
dilute sulphuric acid (containing i volume of the concentrated acid in 
10) should next be added, and then about 10 grm. of pure kaolin or 
barium sulphate. The flask should be vigourously shaken for a few 
minutes, and the liquid passed through a dry filter. This is effected 
rapidly, and the filtrate is perfectly clear. Two quantities of the fil- 
trate of 10 c.c. each ( = 5 c.c. of original infusion) are then treated with 
indigo solution, and titrated with standard permanganate as before, the 
result being called b. The difference (a~b) between the volume of 
permanganate employed for the 2 quantities of unprecipitated 
tannin infusion (a), and that decolourised by the 2 portions of 
the filtrate, gives the volume of permanganate solution decolourised 
by the tannin in 10 c.c. of the original infusion. 

c, 10 c.c. of an N/ 10 solution of oxalic acid (6.3 grm. of crystallised 
oxalic acid, C2H20^-f-2H20, per litre) are diluted with distilled water 
to about 500 C.C., warmed to about 20 c.c. of pure dilute sulphuric 
acid added, and standard permanganate run in with constant stirring 
till a pink colouration, remaining permanent for i minute, shows that 
oxidation is complete. The volume of permanganate consumed, 
which is called c, is evidently that required for the oxidation of 63 
milligrm. of crystallised oxalic acid. 


TY, weight of g(»d gelatin is allowed to swell in distilled water for a few hours, then 

melted by immersing the flask m boiling water, and the resultant solution made up to loo 

^ ” has indicated that the excessive quantity of salt recorn- 

u precipitation of a notable quantity of gallic add when much 

^ solution with »s c.c. of a 3% solu 

of V ^ solution of common salt containing 50 c c' 

Is ^ operating is adhered to. Hunfs modi- 

altendant eiror^^^Tlf original method, and introduces its 
all casev presence of gallic acid the gelatin separation isA doubtful one in 
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The proportion c : (a—b) —63 : x will give the number of milligrm. 
of oxalic acid corresponding in reducing power to the tannin in 10 c,c. of 
the infusion assayed. If 10 grm. of the sample were extracted and the 
solution made up to i litre, 10 c.c. of the infusion represented o. i grm. 
of the tanning material, and hence the number of milligrm. of oxalic 
acid will be Ihe percentage of tannin expressed in terms of crystallised 
oxalic acid. It is frequently convenient to express the results of the 
assay in this way, since what is required in practice is not the absolute 
weight of tannin in the various materials, but their comparative value in 
terms of t:*nnin. It is impossible to express the results of tannin 
assays in actual percentage of tannin; unfortunately the different 
varieties of tannic acid have different reducing powers, and the expres- 
sion of the results of the assay of oak-bark or cutch in terms of gallo- 
tannic acid would be misleading. The expression of assays of all 
kinds of tannin-matters is therefore made in terms of oxalic acid.^ 

The Yorkshire College method as given by Procter (Leather Indus- 
tries Laboratory Book) varies in details from the others. It is given 
here and recommended for general use, when it is decided to employ 
this method. 

(I) The solutions required are potassium permanganate 0.5 grm. 
per litre, freshly prepared if possible. 

(II) Pure indigo carmine solution (potassium or sodium sulphin- 
digotate) 5 grm., and concentrated H^SO^ 5 grm. per litre 25 c.c. 
of this solution should equal 30 c.c. of the permanganate. 

(III) Solution of pure tannic acid, or gallic acid may be substituted 
on account of its purity.^ 

The tannic acid solution is never quite pure, and must be standard- 
ised by the hide- powder process. It must not show less than 90-95% 
tannic acid, and a correction must be made for this. 

25 c.c. of the indigo carmine solution is mixed in a beaker with about 
750 c.c. water, and the permanganate added drop by drop till a pure 
yellqw colour is obtained. Care has to be taken to stir the solution in 
a constant and regular way. The titration is then repeated in the pres- 

^ Von Schroeder has suggested the use as a standard of commercial gailotannic acid, 
the moisture in which has been determined by do’ing at 95*. and which has been proved to 
contain not more than 5% of non-tannin matters unprecipitable by hide or gelatin^ di'vid- 

the result obtained by 1.05 to allow for the slightly higher reducing power of the impure 
^nwn. Filter proposed to employ gallic acid for standardising the permaiiganate, 
as it IS readily ubtained pure, and is oxidisM in presence of indigo in a manner very similar 
to gallotannic acid, 

* The cooper process with the lead separation (see pa« 70) might howe^’c^ be used to 
the gallic acid present in the pure tannic acid (lu) asa possible alternative to this 
method. There seems no real reason, however, why gaulic acid snould not be used, as it is 
readily obuined in a pure state. 
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ence of 5 c.c. of the tannic acid solution, or the tannin solution under 
examination. These figures give the total astringent present in terms 
of tannic acid. To obtain the astringent taken up by hide powder, 
which may be less than that estimated by the permanganate, the usual 
hide-powder separation (see page 71) may be adopted. 

The gelatin separation method may be used where the proportion 
of gallic acid is small 

Hunt's modification being selected for use. 

Solutions required 

(1) Pure gelatin, 2 grm. per 100 c.c. 

(2) Saturated solution of sodium chloride containing 50 c.c. sul- 
phuric acid per litre. 

To 50 c.c. of the tannin solution is added 15 c.c. of gelatin, 25 c.c. 
of the salt solution and about a teaspoonful of kaolin, and the whole 
is well shaken for 5 minutes and filtered. Double the original volume 
taken for titration is used for titration. 

' The actual reduction-equivalents of the different kinds of tannin are 
imperfectly known, and the greatest caution must be observed in 
their use, Neubauer states that of gall-tannin as 41.57; that is 
41.57 grm. of galltannin possess the same reducing power on per- 
manganate that is possessed by 63 grm. of crystallised oxalic acid 
(C2H3O4.2H2O), or 56 grm. of iron in the ferrous state, or that 41.57 
grm. of gall-tannin decolourise a volume of permanganate solution 
yielding 8 grm. of available oxygen. Neubauer 's equivalent for gallo- 
tannic acid has been confirmed by Ishikawa {Chem, NewSj 1888, 42, 
274), who found 41.688 as the figure for the tannin of Kibushi^ or 
Japanese gall-nuts. Councler and von Schroeder, on the other hand, 
find the equivalent to be only 34.25.^ For oak- bark tannin, Neubauer 
gives the equivalent 62.36, which is confirmed by Oser's figure, 62.35, 
and approximately by that of Simand, 61. i. The reduction-equiva- 
lents of other varieties of tannin are uncertain. Oser’s and Neu- 
bauer 's figures for oak-bark tannin show a reducing power nearly 
identical with that of oxalic acid (=63), and hence the results of the 
titration may be conveniently expressed in terms of oxalic acid. An 
alternative plan is to state the strength of the tannin-matter in terms of 


di^pancy ha* been shown bv von Schroeder to be due to the different manner 
m which the pe^n^rute was ^Ided in the titration, Neubauer employing the “ drop 
method, while Ojunder and yon Schroeder added the solution in fucceitive quantities ot 
1 c.c. with a ^short interval ^between each addition, 'Dim medication Mrioualy affects 


oeiwcen eacn aouition, lUM mod«.«v.w 
j required. It ia clear that by enpreaina iuch reiulls in 

.......... . g of 


Wi MIC swiiiuAru Boiuiion requireq, it u clear that by ej 
fibres ahwing the second or third decimal places, author* show i 
the probable error of the method. 
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“oxygen consumed.” Each i c.c. of a solution of potassium perman- 
ganate (containing i grm. of the salt per litre) which may have been 
decolourised by the tannin, represents 0.000253 of “oxygen consumed,” 
or 0.00199 (practically 0.002) grm. of crystallised oxalic acid. Neu- 
bauer’s equivalent for gall-tannin is practically two-thirds of the bark 
and oxalic acid figures. The first figure is applicable to galls, and 
probably to divi-divi, sumac, and myrabolans; the second to oak-barks, 
and probably to oak-wood, valonia, chestnut extract, Me. Gallic acid 
consumes a greater volume of permanganate than the taimin from 
which it is derived. Hence, as commercial tannin is often largely con- 
taminated with gallic acid, it not unfrequently shows over 100% of 
tannin when assayed.^ 

This method (Lbwenthal) has been criticised by Procter and Hirst 
{Collegium^ 1909, 361, 193). The non-tannins in the case of gelatin 
precipitation are too high though they are approached, or even exceeded 
ill some cases, by the unchromed hide-powder (shaking) method. When 
chromed powders are used the results are invariably lower. Paessler 's 
lightly chromed powder (dry) is said to be equally suitable to the 
official powder (chromed) for the Lowenthal method or to the Kopecky 
air dried chrome leather machine shavings. In testing the tannin 
liquors 7 grm. of the dry powder are taken, and a little kaolin added to 
100 c.c. of the liquor. This is well mixed by hand shaking, and then 
by 10-15 minutes in a shaking machine. After passing through filter- 
paper until dear 5 c.c. are taken, 20 c.c. of indigo added, and titrated 
with the permanganate solution. The latter is titrated against a 
standard gallic acid solution, and the results expressed “in terms of 
gallic acid.” The estimation of the non-tannins has also been the sub- 
ject of a special study by H. R. Zeuthen {Colkgium^ 1908, 326, 366), 

According to Cech, no interference in the estimation of tannin by 
permanganate is produced by the presence of acetic acid, citric 
acid, tartaric acid, malic acid, cane-sugar, dextrin, gum, fat, caffeine, 
or carbamide, provided the solution be diluted as directed. 

The permanganate and possibly all other processes for the assay of 
tannin-matters are merely comparative, and give results useful only as a 
means of comparing the qualities of samples of material of the same 
character. Thus, bark may be compared with bark, and valonia with 
' alonia, and so on, but all cro^s comparisons arc impossible. Even if 

^ Mixtures of tannins with gallic acid cannot be directly estimated by the wlu metric 
process, for i grm. of the dry acid reacts with the same quantity of permanganate as 1.505 
Krm. of dry tannin. 

VOL, V.—5 
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the exact percentage of tannin could be calculated, the practical and 
commercial value of tannin materials does not depend on the quantity 
of tannin only, but on the colour, weight and quality of the leather 
produced, though the same process should give results of approximate 
accuracy when applied to different materials containing the same 
variety of tannin. 

P. Sisley {Bull Soc, Chim. [3], 9, 755) precipitates the tannin as a 
zinc salt, and oxidises the latter with permanganate. An ammo- 
niacal solution of zinc acetate is used for the precipitation, made by 
dissolving 40 grm. zinc oxide in hot, dilute acetic acid (65 c.c. glacial 
acid and 50 c.c. water), and adding excess of ammonia. The tannin 
solution is treated with zinc solution, and the precipitated zinc com- 
pound rapidly filtered and washed with dilute ammonia. In this way 
the gallic acid and other impurities are removed. The precipitate is 
then washed into a porcelain basin and titrated with potassium per- 
manganate. 

The following figures given by Procter show the results to be expected 
when applying the permanganate process to the assay of various tannin- 
matters. The estimations were made by the method described on 
page 63. 


In terms of oxalic acid 


Tannin Other oxidisable 

substances 


Valonia; good Smyrna 

VaJonia; good Smyrna 

Valonia; good Smyrna 

Valonia; good Smyrna 

Hungarian larch extract 

Hungarian larch extract 

Chestnut-wood extract (sp. gr. i .205) 

Pegu cutch 

Spent bquoT,* 


jq.i % 

3-3 % 

30.7 % 

3.1 % 

jo.s % 

1.9 % 

32-b % 

3.7% 

w.78% 

» 

18 .08% 

3-33% 

35-53% 

3.68% 

63-59% 1 

3 - 45 % 

o.ia% i 

11.0% 


The permanganate process has been applied by A. Hill to the esti- 
mation of tannin in lea {Analyst, 1881, 6, 95). The average propor- 
tion of tannin, in terms of oxalic add, found in the 32 samples 
of tea examined was 14.8 %, the extreme results being 6.18 in black 
Assam tea and 26.90 in a black caper tea. Other determinations of 


^ ^ Spent liquor are instructive. The liquor originally enn 

oak-berk, valonia, mytabolani, awnbier, hcn’ 
St ^ proportion of 

of “h^fbedbiU decompoted U ahown by theU^ accumuUti*'^' 

^ acid). Spent liquon are generaUy vrry 

nitrate* from the gelatin precipitation, a fact that indteata th.it 
reinlSunmn in thSr bSaSJSS to both 
flioe ana getatia, being earned down by the coagulum in the latter case. 
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the proportion of tannin in tea have been made by 0 . Kellner {Landw- 
Versuchs StaL^ 1886, 370) and J. F. Geisler {Analyst^ 1884, 9, 220) 
(see also page 88). 

The following figures, due to B.Hunt (/. Soc. Chem, Ind., 1885, 4, 
264), show the insoluble matter and total extract of various commercial 
tannin materials, and the oxalic acid equivalents of the total oxidisable 
matters, and of -the tannin as precipitated by Procter’s and Hunt’s 
methods.^ The difference between the results obtained by these 2 
methods was attributed by Hunt to the precipitation of gallic acid by 
the excess of salt solution employed by Procter. 


Material 

Insoluble 

matter 

Total 

extract 

In terms of oxalic acid 

Total oxi- 
disable 
matters 

Tannin, 

Procter 

Tannin, 

Hunt 







English oak-bark 

6t>. *5 

18.38 

15.70 

13.54 

11.97 

Canadian hemlock-bark 

75-aS 

13 .96 

9.03 

7.46 

7,08 

Larch-bark 

60.80 

30.64 

8.30 

7-17 

6.15 

.\fangrove-bark 

49.70 

36.60 

31.35 

29.71 

38.48 

Alder-bark 

68.00 

19.36 

8.37 

6.15 

5-73 

V'alonia 

46.0s 

3S.S0 

37-41 

35-24 

30.50 

Myrabolans 


43.80 

48.23 

38.43 

38,00 

Sumac 

47-77 

44.10 

43.53 

34 -30 

31-46 

Turkish blue galls 

36.35 1 

i 48.40 1 

73.38 

65 .83 

59.96 

Aleppo galls 

14.3a 

' 68.80 ! 

98.85 

87.82 

83.05 

Wild galls 

54.17 ' 

: 31. 76 j 

26.31 

18.75 

16.56 

Divi-din 

39.90 

i 54.38 

66.68 

6a .63 

61 .33 

Pomegranate rind 

49.50 1 

1 41.00 ! 

37.58 

34.18 

33.13 

Tormentil root 

' 67.9s 

; 19.70 i 

1 23.37 

30,98 

30.68 

Ratanhy root 

66.00 

: 18.80 j 

33.27 

' 20.15 1 

19.30 

Pure Indian tea 

i S3. 40 

34.46 ! 

23.06 

18. 6s ! 

17.40 

Pure China tea 

1 63.60 

24.50 1 

18,03 

i i 4.2I 

! 14.09 

Cutch 

1 4.75 

61.60 

1 57.65 , 

1 51.95 1 

44-24 

Gum kino 

1 1 .00 

! 79.30 

1 66.39 

1 59.55 

51-55 

Hemlock extract 


i 48.78 

3 S*i 6 : 

! 33.17 

30.98 

Oak-wood extract , 


i 37.78 

1 33-49 

1 36.90 

33.86 

Chestnut extract 


1 50-38 

1 39-77 

i 32.63 

38.88 

Quebracho extract 


49.00 

1 48.33 

1 44-45 

40.84 

Tan-liquor (sp. gr. i.o^o) 


1 6.01 

4.84 

3-14 

3.10 

Spent Uquor (sp. gr. i .0165) 

1 

j 3-10 

i 

i 0.37 

0.35 


* Hunt stated in the same paper that treatment with gelatin and does not remove- 
all that is of tarniing value from solutions of gambicr and allied materials, hen^herecome- 
mended the removal of the tannin in such cases by means of purified skin-shavings. These 
ne added in the proportion of $ grm. to loo c.c. ofai%rambier solution, and after 12 
hours filtered and titrated the filtrate with permanganate in the usual way. The following 
results were obtained: 



a 

Insoluble matter 

i Total extract ; 

: 

1 

In terms of oxalic acid 

Total oxidisable 
matter 

Absorbed by 
skin 

9'ihe gambler 

oaiawak aamhier . . 
Bale gambier .... 

! 1 1 

5.31 1 74.40 1 

i 3-67 ! 70.70 i 

1.40 63.54 j 

^ 1 

70.13 1 51.07 

63.13 ' 47.09 

56.00 43.70 
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The permanganate process of determining tannin was some years 
ago submitted to examination by a commission of German chemists. 
After reviewing earlier methods they recommended the following 
modifications of the permanganate process for general adoption: i. 
That the permanganate solution contain lo grm. of KMnO^ in 6000 c.c, 
2. That the indigo-solntion should be made by dissolving 30 grm. of 
air-dry sodium sulphindigotate in 3000 c.c. of dilute sulphuric acid 
(1:3), 3000 c.c. of water being added, and the whole shaken till dis- 
solved, and the liquid filtered. 20 c.c. of this solution in 750 c.c. of 
water should be used in each titration, and should reduce about 10.7 
c.c. of the permanganate solution, 3. Hide powder was substituted for 
the ordinary gelatin solution, and was to be light coloured and in a 
fine woolly state of division, yielding to cold water no substance 
capable of reducmg permanganate. 

Instead of adding the permanganate solution drop by drop, the 
commission recommended (with very doubtful advantage) that an 
addition be made of i c.c. at a time, and the mixture vigorously stirred 
for 5 or 10 seconds after each addition. As soon as the liquid has 
become bright green, 2 or 3 drops at a time should be cautiously 
added with stirring, till the liquid is pure yellow. The results obtained 
by the “ i c.c. method” differ considerably from those obtained by the 
ordinary or "drop method,” which was that employed by Neubauer 
and Oser for the determination of the reduction co-efficients of tannins. 
It has, however, been shown by H. R. Procter {J.Soc, ChevL Ind,f 1886, 
5, 79) that the results are more influenced by the rapidity of mixing 
than by subsequent time of standing, and that the i c.c, method, while 
it gives a higher consumption of permanganate than the drop method, 
is more affected by variations in stirring.^ 

h. B. {Zeit, Anal. Chem.^ 1886, 26, 680) suggests the use of ferric 
acetate instead of gelatin for precipitating tannin. The process has 
been tried on gall-tannin, and F. Gantter (/. Chem. Soc., 54,) does not 
confirm its accuracy in this case. 

Other investigators have recommended the use of an ammoniacal 


out the limit of the action is not a complete oxidation of the 

J a one of the bodies more readily oxidisable than indigo; and hciun 

toward the end of the operation, when little mdigo remains, the [>ermanaanate is partmliv 

raaction; and that this U 

S ‘he liquid, so i. ^ 

term rfsults hv remaining indigo. Procter obtained very in. 

torm results by the uw of a stirrer consisting of a perforated porcelain disc which 
work^ up and down in the beaker hy means of an attached glass rod He used a caps!- 
th?titraUom ^ burette, allowing the permanganate to run in steadily through ('-.t 
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solution of copper for removing the tannin. This is not capable of 
universal application. Sumac may be precipitated by ammonio-cupric 
acetate,^ titrating of the solution by permanganate and indigo before 
and after the treatment.* 

N. H. Darton (/. Amcr. Chem. Soc.j 1882, 4 , 4) employed copper 
ammonio-sulphate in the following manner: 20 grm. of hemlock- 
barky or an equivalent amount of other tannin material, are extracted 
first with cold and then with several quantities of boiling water. The 
mixed infusions are treated with 25 c.c. of dilute sulphuric acid (i : 10), 
the liquid filtered, and the filtrate rendered slightly alakline with 
ammonia, any precipitate being filtered off. A further quantity of 
25 c.c. of dilute sulphuric acid is then added, and the liquid made up 
to I litre. 100 c.c. of this solution is treated with an equal measure of 
a solution of cupric sulphate (containing 1.25% of the salt), to which 
sufficient ammonia has been added to dissolve the precipitate first 
formed. The solution is passed through a dry filter, and a definite 
measure of the filtrate neutralised and titrated for “not tannin” with 
indigo and permanganate in the usual way. Procter stated that the 
preliminary treatment with acid and ammonia is unnecessary in the 
case of valonia (and probably in that of oak-bark), and that the process 
gave results practically identical with the then improved gelatin 
method, while it is much less troublesome. With chestnut extract the 
results w’ere claimed to be satisfactory, provided the preliminary treat- 
ment be omitted, as this removes 75^0 of the matter precipitable by 
gelatin, and cutch behaves similarly. On the other hand, a sample of 
larch extracly which tanned well and showed 18% of tannin by the 
gelatin method, gave no precipitate with the ammonio-cupric solution. 
This peculiarity would allow of the estimation of valonia- tannin in 
presence of larch-tannin, and the same principle is utilised in other 
cases (see page 70). 

When applicable, the copper process has the advantage that the 
precipitate may be washed with a solution of ammonium carbonate, 


'Nfeyer {Oicm. ZaL, i8$o, 14, 1303) say’s tliat the precipitation with copper acetate 
yields excellent results if the precipitation takes place in a hot solution, and washing with 
not water follois-a immediately. The precipitate is dried at 110°, >eighed. and ignited 
to CuO. From the weight of the total precipitate, four-fifths of the weight of the resulting 
copper oxide is deducteil, which gives the total tannin. This ignition might be saved by 
estimating the amount of copper required N’olumetrically and using this same amount in the 

precipitation. 

* By this process, I, Macagno (Oj/m. Xetrs, iSSo: 41, 6^) found that the upper side 
m sumac leaves was considerably richer in tannin than the lower, the proportion in old 
being less than In young. The results \^ried from 8.77% of tannin in the lower 
«ae of old, to 15.83% in the upper side of young leaves. 
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dried, and weighed.^ Or the precipitate may be ignited, the residue 
moistened with nitric acid, and re-ignited, and the cupric oxide 
weighed. Its weight, subtracted from the weight of the precipitate 
previously found, gives that of the tannic acid with which it was com- 
bined, or the latter may be found by multiplying the weight of CuO 
by 1.034. This factor probably applies only to gallotannic acid. 

Dreaper {Ckem. News, 1904, 90, m) gives the latest details for his 
volumetric copper process. Standard solutions containing (i) copper 
sulphate equivalent to 0.05 CuO per c.c., {2) 20grm. lead acetate and 
60 c.c. glacial acetic acid per litre, and (3) 50 grm. ammonium car- 
bonate and 50 grm. sodium sulphite per litre are required. 

(a) 50 c.c. of the tannin solution (containing 10 to 15 grm. per litre) 
is titrated with the copper solution after heating to 80® to 90® for a few 
minutes with excess of CaCOj (about i to 2 grm.) and cooling. The 
result in terms of CuO represents the total tannin and gallic acid, and 
any “non-tannins" which precipitate copper salts, but not the non- 
tannins which may be carried down mechanically. 

{b) A second 50 c.c. is taken and 10 c.c. of the lead solution added 
in the presence of barium sulphate. It is well shaken and after 5 
minutes the lead tannin precipitate is filtered off through dry filter- 
paper, 0.5 grm. sodium sulphate (anhydrous) is added and after 5 
minutes the lead sulphate is filtered off. 40 c.c. of the filtrate is taken 
and titrated as in {a). The result gives the non-tannins precipitated 
by copper salts (gallic acid), and when subtracted from (a) gives the 
tannins also. 

(c) 50 c.c. of tannin solution is taken and 25 c.c. of No. 3 solution 
added. The copper tannate formed on titrating this solution in the 
cold is free from gallic acid but only the tannic acids insoluble in 
ammonium carbonate are precipitated, so that a comparison with the 
results obtained in {b) indicates the amounts of total tannic acid, the 
two groups of tannic acids, and gallic acid and the non-tannins which 
may form compounds with copper, respectively. It is generally suffi- 
cient in practice to use only the lead separation which entirely re- 
moves all tannins but no gallic acid. 

The end-point is obtained in all cases by removing a drop of the 
solution on a glass rod and pressing it into a doubled sheet of good 
filter-paper {e. g., C. S. & S., No. 589, No. 3 brand). The under sheet 

* Drtaper recommend! the precipiUtion in the presence of sodium sulphite to prevent 
oxidation (Ckem. Newt, lyoj, 90, iij). 
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will be then wetted with the filtered solution. A drop of ferrocyanide 
of potassium solution placed on this will show a pink colouration with 
an excess of copper. When testing the (c) solution in this way the 
ferrocyanide must be strongly acid with acetic acid, and the 
result must be confirmed after an interval of 3 minutes, as the copper 
salt is precipitated slowly in this case. The process has been used to 
detect errors in the hide powder and “ coilin’’ processes. It gives the 
mordant value of any tannin and is not affected by any “non-tannins” 
or colouring matter carried down mechanically, or by free acid in the 
liquors. The presence of reducing sugars has no influence on the 
results. 


EUROPEAW OFFICIAL METHOD OF TESTING TANNIN 
MATERIALS. (I. A. L. T, C.) 

General Conditions. 

Corrected up to 1910 this method stands as follow^s: 

L— The solution for analysis must contain between 3.5 and 
4.5 grm. of tannin matter per litre, and solid materials must be extracted 
so that the greater part of the tannin is removed at a temperature not 
exceeding 50°, but if the Teas extractor be used the first portion of the 
extract shall be removed from the influence of heat as soon as possible. 

II. — The total solubles must be estimated by the evaporation of a 
measured quantity of the solution previously filtered until optically clear 
both by reflected and transmitted light; that is, a bright object such as 
an electric light filament must be distinctly visible through at least 5 cm. 
thickness, and a layer of i cm. deep in a beaker placed in a good light 
on black glass or black glazed paper must appear dark and free from 
opalescence when viewed from above. Any necessary mode of filtra- 
tion may be employed, but if such filtration causes any appreciable 
loss when applied to a clear solution a correction must be ascertained 
and applied as deesribed in Section VI. Filtration shall take place be- 
tween the temperatures of 15® and 20°. Evaporation to dryness shall 
take place between 98.5° and 100® in shallow flat-bottomed basins 
which shall afterwards be dried until constant at the same temperature 
and cooled before weighing for at least 20 minutes in air-tight desic- 
cators over dry calcium chloride. 
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III. — The total solids must be ‘estimated by drying a weighed 
portion of the material, or a measured portion of its uniform turbid 
solution at a temperature between 98.5® and 100® in shallow flat-bot- 
tomed basins which shall afterwards be dried till constant at the same 
temperature and cooled before weighing for not less than 20 minutes 
in an air-tight desiccator over dry calcium chloride. Moisture*^ is 
the difference between 100 and the percentage of total solids and 
'‘Insoluble matter the difference between the total solids and total 
solubles. 

IV. Non-tannins.— The solution must be detannised by shaking 
with chromed hide powder till no turbidity or opalescence can be pro- 
duced in a clear solution by salted gelatin. The chromed powder 
must be added in one quantity equal to 6.0 to 6.5 grm. of dry hide 
powder per 100 c.c. of tanning solution and must contain not less 
than 0.2 and not more than of chromium reckoned on the dry 
weight and must be so washed that in a blank ex|>eriment with dis- 
tilled water not more than 5 mgrm. of solid residue shall be left on 
evaporation of 100 c.c. AU water contained in the powder shall be 
estimated and allowed for as water of dilution, 

V. Preparation of the Infusion. — Such a quantity of mate- 
rial shall be employed as will give a solution containing as nearly as 
possible 4 grm. of tannin per hire, and not more than 4,5 grm. oriess 
than 3.5 grm. Liquid extracts shall be weighed in a basin or beaker 
and washed with boiling distilled water into a litre flask filled up to the 
mark with boiling water, and well mixed and rapidly cooled to a tem- 
perature of 14.50° and accurately made up to the mark again, well 
mixed and Altered at once. Sumac and myrabolans extracts should 
be dissolved at a low temperature. 

Solid extracts shall be dissolved by stirring in a beaker with succes- 
sive quantities of boiling water, the di^lved portions being poured 
into a litre flask and the undissolvcd portions being allowed to settle 
and treated with further portions of boiling water. After the whole 
of the soluble matter is dissolved the solution is treated similarly to 
that of a liquid extract. 

Solid tanning materials, previously ground till they will pa^ througli 
a mesh of 5 wires to the cm., are extracted in Koch’s or Procter’s 
extractor with 500 c.c. of water at a temperature not exceeding 50^^, 
and the extraction continued with boiling water till the filtrate amounts 
to I litre. It is desirable to allow the material to soak for some hours 
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before commencing the percolation which shoiild occupy not les? than 
3 hours, so as to extract the maximum of tannin. Any remaining 
solubles in the material must be neglected, or reported separately, as 
^^difficultly soluble substances” The liquid in the flask must after 
cooling be accurately made up to i litre. 

VI. Filtration. — The infusion shall be filtered till optically clear to 
both transmitted and reflected light (see Section ii). No correction 
for absorption is ^needed with the Berkfeld candle, or for S. & S. 
590 paper if a sufficient quantity (250-300 c.c.) is rejected before 
measuring the quantity for evaporation; and the solution may be 
passed through repeatedly to obtain a clear filtrate. If other 
methods of filtration are employed the average ’correction neces- 
sary must be ascertained in the following manner: About 500 
c.c. of the same or a similar tanning solution is filtered perfectly 
clear and after thorough mixing 50 c.c. is evaporated to determine 
“total soluble No. i.” A further portion is now filtered in the exact 
method for which the correction is required (time of contact and volume 
rejected being kept as constant as possible) and 50 c.c, is evaporated 
to estimate “total soluble No. 2” The difference between No. i and 
No. 2 is the correction sought, which must be added to the weight of 
the total solubles found in analysis. An alternative method of esti- 
matirilg correction, which is equally accurate and often more con- 
venient, is to filter a portion of the tanning solution through the Berk- 
feld candle till optically clear by rej’ecting the first 300-400 c.c. and 
returning the remaining filtrate repeatedly, and at the same time to 
evaporate 50 c.c. of the clear filtrate obtained by the method for 
which correction is required, when the difference between the residues 
will be the correction sought. 

VII. Detannisation. — The hide powder used shall be of fibrous 
texture, thoroughly delimed, preferably with hydrochloric acid, shall 
not require more than 5 c.c. or less than 2,5 c.c. of N/io NaOH 
or KOH to produce a permanent pink with phenolphthalein on 6.5 
grm. of the dry |x>wder suspended in water. If the acidity does not 
fall within these limits it must be corrected by soaking the powder 
before chroming for 20 minutes in 10 to 12 times its weight of water to 

Note. It is obvious that an average correction must be obtained from at least 5 estima- 
in Th found that this is approximate)/ constant for all materials and amounts 

2 crm 1' * bcin^ rciected, to about 5 inilliRrm. per so c.c. and when 

washo ? employed in addition, to 7.5 milligrm. The kaolin must be previously 

pourei same liquor, which is allowed to stand 15 mimitcs and then 

has a special abk)rption for a yellow colouring matter often con- 
tained in sulphitcd extracts. 



74 


TANNINS. 


which the required calculated quantity of standard alkali or acid has 
been added. The hide powder must not swell in chroming to such an 
extent as to render difl&cult the necessary squeezing to 70-75% of 
water and must be sufficiently free from soluble organic matter to 
render it possible in the ordinary washing to reduce the total solubles 
in a blank experiment with distilled water below 5 grm. per 100 c.c. 
The powder when sent out from the makers shall not contain more 
than 14% of moisture and shall be sent out m air-ti^ht tins. 

The detannisation shall be conducted in the following manner: The 
moisture in the air-dried powder is estimated and the quantity equal 
to 6.5 grm. actual dry hide powder is calculated, which will be prac- 
tically constant if the powder be kept in an air-tight vessel. Any mul- 
tiple of this quantity is taken according to the number of analyses to 
be made and wetted again with approximately lo times its weight of 
distilled water. 2 grm. per 100 of dry powder of crystallized chromic 
chloride (Cr2Clg.i2HjO) (Kahlbaum) is now dissolved in water and 
made basic with 0.6 grm. Na^CO, by the gradual addition of 11.25 
c.c. of N/ 1 solution, thus making the salt correspond with the formula 
Cr2Cl3(OH)3. This solution is added to the powder and the whole 
churned slowly for i hour. In laboratories where analyses are con- 
tinually being made it is more convenient to use a 10% stock solution, 
made by dissolving 100 grm. of CrjCl^.uHjO in a little distilled 
water in a litre flask, and very slowly adding a solution containing 
30 grm. of anhydrous sodium carbonate with constant stirring, finally 
making up to the mark with distilled water and well mixing. Of this 
solution 20 c.c. per 100 grm. or 1.3 c.c. per 6.5 grm, of dry powder 
should be used. 

At the end of I hour the powder is freed as far as possible from the 
residual liquor, and washed and squeezed repeatedly with distilled 
water until on adding to the filtrate i drop of 10% KjCrO* and 4 
drops N/io AgNOj a brick-red colour ap]>ears, 4 or 5 squeezings 
are generally sufficient. Such a filtrate cannot contain more than 
0.001 grm. of NaCl in 50 c.c. 

Very woolly powders require slightly more than 10 times the weight. 
A powder may be considered "woolly” if it cannot be poured out like 
sand from a beaker (Procter). 

The powder is then squeezed to contain 70-75% water, and the 
whole weighed. The quantity Q containing 6.5 grm. dry hide is thus 
found, weighed out, and added immediately to too c.c. of the unfiltered 
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tannin infusion along with 26.5 Q of distilled water. The whole is 
corked up and agitated for 15 minutes in a bottle rotating at not less 
than 60 revolutions per minute. It is then squeezed immediately 
through linen, i grm. of kaolin added to the filtrate, and the latter 
stirred and filtered through a folded filter of sufficient size to hold the 
entire filtrate, returning till clear, and 60 c.c. of the filtrate is evaporated 
and reckoned as 50 c.c., or the residue of 50 c.c. is multiplied by 6/5. 
The non-tannin filtrate must give no turbidity with a drop of a 1% 
gelatin 10% salt solution- i grm, of kaolin, free from solubles, must 
be used either by mixing it with the hide powder in the shaking 
bottle, or with the liquid before filtration. 

VIII, Analysis of Used Liquors and Spent Tans.— These 
shall be made by the same Methods as are employed for fresh tanning 
materials, the liquors or infusions being diluted or concentrated in 
vacttOj or in a vessel so closed as to restrict access of air, until the 
tanning matter lies, if possible, between 3.5 and 4.5 grm. per litre, in 
no case exceeding a concentration of 10 grm. per litre of total solids; the 
weight of hide powder used shall not be varied from 6.5 grm. 

The results shall be reported as shown by the direct estimation, but 
it is desirable that, in addition, efforts shall be made by the estimation 
of acids in the original solution and in the non-tannins in residues, to 
ascertain the amount of lactic acid and other non-volatile adds 
absorbed by the hide powder and hence returned as “tannin matters.’’ 
In the case of tans it must be clearly stated in the report whether the 
calculation is on the sample with moisture as received, or upon some 
arbitrary assumed percentage of water, and in that of liquors whether 
the percentage given refers to weight, or to grm. per 100 c.c. ; in both 
cases the sp, gr. shall be reported. 

IX. All evaporation shall be rapidly conducted at steam tem- 
perature in shallow flat-bottomed basins of not less than 6.5 cm. 
diameter, to apparent diymess, and shall be subsequently dried between 
98.5® and 100® in a water or steam-oven until of constant weight, and 
shall be aftenvard cooled in small air-tight desiccators over dry cal- 
cium chloride for at least 20 minutes and then weighed rapidly. Not 
more than 2 basins shall be placed in i desiccator and the basins 
must not be wiped after removal from the desiccator. 

Note. — I t was decided at the 1 . A. L. T. C. conference of 1908, 
that any method conforming to the conditions of Sections 1-4 may be 
regarded as conforming to the regulations, but that members of the 
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Association must work according to the detailed directions contained 
in Sections 5-8. 

In connection with this paragraph the Reed-Alsop evaporator was 
strongly recommended, as also the Moeslinger drying oven, and the 
vacuum oven. The great inaccuracies caused by using ordinary air 
drying were pointed out. No restrictions are at present in force con- 
cerning the exact size and shape or composition of the basins. 

Certain restrictions are imposed upon members of the I. A. L, T. C. 
and all analyses must be the average of duplicate determinations which 
must agree in the case of liquid extracts to within 0,60%, and in the 
case of solid extracts to within 1.5%. 

Official Method of the American Leather Chemists’ Association. 

The official method of the American Leather Chemists’ Association 
for 1911 differs in some respects from the I. A. L. T. C. method and 
the particulars are given here. 

I. Crude Materials. 

1. Moisture Estimation. — Upon receipt of the sample grind 
promptly and dry 10 grm. in the manner and for the period specified 
for evaporation and drying in extract analysis. 

2. Preparation of Sample for Extractions. — Sample must be 
dried at a temperature not exceeding 60® and then ground to such a 
degree of fineness that the entire sample will pass through a sieve of 
20 meshes to the inch (linear). 

3. Amount of Sample and Proportion of Water for Extraction. 

—For fresh materials the amount of sample and proportion of water 
for extraction should be such as to give Ijetween 0.35-0.45 grm. tannin 
per 100 c.c. of solution. For spent materials this proportion should 
be approximated as closely as practicable. 

4. Extraction of Sample.— Extraction should be conducted in a 
form of apparatus that permits the removal of the extractive solution 
from the influence of sustained high temperature, and shall be con- 
tinued till a portion tested with gelatin-salt solution fails to give a pre- 
cipitate. At least 500 c.c. of the first portions of extracted solution 
should be removed and not subject to further heating. A thin layer 
of cotton must be used in order to prevent fine material passing over. 

4fl, Sumac and Kindred Materials. — Put the material (the amount 
should be such as to give between 0.35-0.45 grm. tannin per 100 c.c. 
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solution) in a form of apparatus that permits the rembval of the 
extractive solution from the influence of sustained high temperature, 
cover it with water and allow it to soak for an hour, then extract by 
collecting 2,000 c.c. of the extractive solution outside through lower 
tube in from six to eight hours. Let the extractive solution stand over 
night and analyse the following day by the oSicial method for extracts. 

5. Analysis. — After extraction and dilution solutions must be 
heated to 80® and analysis conducted as per official method for 
extracts. In the case of weaker dilutions than the official method 
specifies, the amount of hide powder must be reduced in proportion 
to the tannin. 10 grm. of the air-dried sample should be dried as in 
I. to determine moisture content of the portion extracted, and the 
analysis calculated and reported upon a '‘dry” basis. The tannin in 
fresh materials should also be reported on the basis of the moisture 
content of the sample “as received.” 

IL Analysis of Extracts. 

6. Amount and Dilution for Analysis. — Fluid extracts must be 
allowed to come to room temperature and weighed in stoppered weigh- 
ing bottle. Such quantity shall be taken as will give from 0.35-0.45 
grm. tannin per 100 c.c. of solution; dissolve in exactly 900 c.c. of 
distilled water at 80®, and make up to mark after standing not more 
than 20 hours, nor less than 12 hours. Temperature must not fall 
below 20®. 

7. Total Solids. — Thoroughly mix solution, pipette 100 c.c. into 
tared dish, evaporate and dry as directed under Evaporation and 
Drying.'* 

8. Soluble Solids.— “To i grm, of kaolin in a beaker add 75 c.c. of 
solution. Stir and pour on a 590 S. & S. 15 cm. pleated filter-paper, 
return filtrate to paper for i hour keeping filter full. Then pour solu- 
tion from filter, or remove with pipette. Bring 800 c.c, of solution to 
20®^ refill the filter with this solution and begin to collect filtrate for 
evaporating and drying so soon as the solution comes clear. Keep 
filter full. Evaporate and dry the first 100 c.c. of filtrate, as under 
*' Evaporation and Drying.” Funnels and receiving vessels must be 
kept covered during collection of filtrate for evaporation. 

9. Non- tnnn ins. — A quantity of hide powder sufficient for the 
number of analyses to be made shall be prepared in the following 
manner: Digest with 25 times its weight of water till thoroughly 
soaked. Add 3% of chrome alum in solution. Agitate by either 
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shaking or stirring occasionally for several hours and leave over night. 
Wash by squeezing through linen, continuing the washing until the 
wash water gives no precipitate with barium chloride. Squeeze the hide 
using a press if necessary, so that the wet hide will contain between 
70 and 75% of moisture. Use approximately 20 grm. of wet hide for 
moisture estimation. Add to 200 c.c. of the original solution such 
quantity of the wet hide as represents from 12 to 13 grm. dry hide. 
Shake for 10 minutes in some form of mechanical shaker and squeeze 
immediately through linen. Add 2 grm. of kaolin to the filtrate, stir 
and filter through folded filter (No, 1 F. Swedish recommended) of 
size sufficient to hold entire filtrate, returning till clear. Evaporate 
100 c.c. of the filtrate. The weight of the residue must be corrected 
for the dilution caused by the water contained in the wet hide powder. 

The non-tannin filtrate must not give a precipitate with a 1% gelatin. 
10% salt solution. 

Note. — In order to limit the amount of dried hide powder used, 
determine the moisture in the aid-dried powder and calculate the 
quantity equal to 12.5 grm. of the actual dry powder. Take any mul- 
tiple of this quantity according to the number of analyses to be made 
and after chroming and washing as directed, squeeze to a weight 
representing water. Weigh the whole amount and divide 

by the multiple of 12.5 grm. taken to obtain the weight of hide powder 
for 200 cx. solution. 

10. Tannin. — The tannin content is shown by the difference 
between the soluble solids and the corrected non-tannins. 

111. Analysis of Liquors. 

11. Dilution. — Liquors must be diluted for analysis so as to give as 
nearly as possible 0.7 grm. solids per 100 c.c. of solution. 

12. Total Solids. — To be estimated as in Extract Analysis. 

13. Soluble Solids* — To be estimated as in Extract Analysis. 

14. Non-tannins.— To be estimated by shaking 200 c.c. of solu- 
tion with the amount of wet chromed hide powder containing 70-75% 
moisture, corresponding to an amount of dry hide powder shown in 
the following table: 

Tannin range per 100 c.c. Dry hide powder per 100 c.c. 

°-35“0-45 8^* gnn. 

o. 25 -o «35 groi* 6.5-9 gnn. 

0.15-0.25 grm. 4-6.5 grm. 

0.00-0.15 g™* 0-4 gmi. 
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Solutions to be shaken for non-tannins as in Extract Analysis. 
100 c.c. must be evaporated as in Extract Analysis. 

IV. Evaporation and Drying. 

15. Evaporation and Temperature. — All evaporations and dry- 
ings shall be conducted in the form of apparatus known as the com- 
bined evaporator and dryer” at a temperature not less than 98°. The 
time of evaporation and drying shall be 16 hours. 

16. Dishes. — The dishes used for evaporation and drying of all 
residues shall be flat-bottom glass dishes of not less than 2 3/4 in. 
diameter, nor greater than 3 in. in diameter. 

Provisional methods for sampling tannin materials have been 
adopted by the American Association under 8 different headings 
(/. Am. Leather Chem. Assoc. ^ 1911, 7) which cover the details under 
which liquid extracts in barrels, liquid extracts in bulk, liquid extracts 
in tank cars, solid extracts, crude tannin materials, crude t anni n mate- 
rials in bulk, spent tan and woods, ground barks and cut woods, and 
liquid samples shall be taken, and if the analysis is required to conform 
with the U. S. A. official method care must be taken also to collect the 
samples under the conditions laid down from time to time by this 
association. 

Notes on the Official Methods. — The American method of stand- 
ardising hide powder is given by Procter as follows: Sufficient powder 
is weighed into an agitation flask for the work in hand to equal 6.5 grm. 
dry hide powder per analysis, acidity 8° (this being the natural acidity 
of the American powder) ; 10 times the weight of powder, in water, is 
then measured out, and such a quantity of N/io NaOH is added as 
will reduce the bulk of the hide powder to an acidity of 5° (or 3 c.c. 
per 6.5 grm. powder) after mixing. The solution is poured on the 
powder, and the whole agitated for 20 minutes, and the required quan- 
tity of basic chromium chloride is added directly to the powder. The 
whole is agitated for 1 hour and proceeded with as usual {Collegium^ 
310, 166). This is claimed to be superior in its working to the 
Paessler powder as used in Europe. 

The Berkefeld candle was first recommended by Parker and Payne 
for the purpose of filtration of tannin infusions. It has met with 
official recognition {CoUegiumy 1904, 249). 

The Reed method of filtration is conducted under reduced pressure 
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through asbestos and kaolin on the filter plate of a porcelain funnel 
(in one piece) of 2 i / 2 in. diameter. 2 grm. of pure acid- washed asbes- 
tos of woolly texture are stirred with about 50 c.c. of the tannin solu- 
tion and the mixture is then throwm on the filter plate and sucked 
down firmly on the plate by means of the vacuum; 2 grm. of kaolin 
are then stirred with 50 c.c. of the solution and, the vacuum being still 



Fig. 2 . — Apparatus fw 61tratiQn of tannin solution. 

on, poured gently on the asbestos layer. When the filtrate passes 
through clear, it is collected for analysis. 

The apparatus shown in Fig, 2 is well suited for the purpose in 
question, the clear filtrate only being collected in B when it is run- 
ning clear into C. Results indicate that as compared with the inter- 
national official method, using No. 590 S. & S. paper or the Berkfeld 
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candle, a much clearer filtrate is obtained with less trouble. The re- 
sults are tabulated and given in the J, Am. LeaUier Chem. Assoc. 
(1907, 2, 420) and Collegium (1907, 285, 414). Although there is a 
possible absorption of tannin by the asbestos and kaolin due to surface 
concentration the effect of this is not so great as with cellulose (filter- 
paper). It would seem that this method promises to be very useful in 
the future. 

The Reed method has been further reported on (/. Am. Leather 
Chem. Assoc.f 1910, 5, 179) and greater experience in its working will 
be necessary before it can be passed as equal to the Berkfeld candle 
method. When working with quebracho or hemlock bark this filter 
is said to be very satisfactory. 

As a result of further use, Reed’s method has been considered 
satisfactory by Procter {Collegium^ 1910, 341). 

The American Leather Chemists’ Association decided {J. Amer. 
Leather Chem, Assoc.f 1909, 4, 310-322) that the official method 
of chroming hide powder shall remain unaltered, but that the ratio 
of weight of water to hide powder used should be reduced from 
25 to 10. The acidity of the hide powder should be adjusted so that 
10 grm. require 10 c-c. N/io NaOH for neutralisation, Houghs’ 
method being used. They also recommend that extra care be taken to 
eliminate the error due to rapid cooling of quebracho and hemlock 
extracts, and to standardise the amount of insoluble matter precipi- 
tated which is affected by variations in such treatment. 

The United States of America Department of Agriculture 
through the Bureau of Chemistry (Bull. No. 107, 1907) gives the Official 
and Provisional Methods adopted by the Association of Official Agricul- 
tural chemists. This does not differ in any material respect from the 
American Official method and is obviously founded on it. 

The determination of acidity in hide powder has been criticised by 
D. L. Tucker (/. Amer. Leather Chem, Axjoc., 1909, 4, 323-326). 
Comparing the 4 methods in use, viz., that of Bennett (J.Soc. Chem. 
Md., 1907, 26, 456), Small (/. Amer. Leather Chem. dxxoc., 1907, 2, 
347 ; 1908, 3, 75), Hough (J.Soc. Chem. Ind., 1909, 28, 804), and a 
modified Bennett method, Tucker finds difficulty in working them, the 
Hough method being considered the most accurate, but having a 
possible error equivalent to o.a c.c. of N/ 10 alkali. 

The influence of the proportion of chromium in the present standard 
chromed hide powder on the analysis of oakwood extract has been 
VOL. v.-« 
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Studied by J. Jedlicka {Collegium^ 1908, 325, 334) and the variations 
recorded when the chromium varies between. 0 and 1% in the resulting 
hide powder. The results show variations in absorption amounting 
to 2.4%; between o.i%-o.4% Cr. up to t.i%; and between 0.4-1% 
Cr. to 1.4%. The need of a standard for the amount of chromium 
present is made evident. 

Chroming of Hide Powder. — A new and more rapid method has 
been proposed in the place of the American Official method {/. 
Amer. Leather Chem. Assoc.^ 1910, S, 419) by a committee appointed 
to report on the matter. The hide powder is wetted with ten times its 
weight of water and 3 % of chrome jdum added with continuous 
agitation for i hour, and the powder washed according to the official 
method. The two methods show very dose agreement. 

The relative efficiency of the different methods of chroming hide 
powder has been recently considered by Oberfell {J. Amer. Leather 
Chem, Assoc,, 1910, 5, 434). 

The subject of the solubility of the extracts is one of great difficulty 
from the point of view of the analyst. Many extracts which show no 
insoluble residue in weak solutions do so in strong ones (as used in the 
tanyard) and there is great doubt as to whether on dilution these pass 
into solution again. 

The American method of estimating insoluble matter is to make 
up the liquor to exactly 40* BK, and take the total solids before and 
after filtration by evaporation. Parker has pointed out that this 
method is not an ideal one. It gives no indication as to the nature of 
the insoluble portion. The International Commission is studying 
this question at the present time. 

The general question has been studied in detail by J. Paessler and 
T. Veit {Collegium, 1908,322, 295; 323,308 and 324, 322) and should 
be referred to by those interested in this matter. Certain improve- 
ments suggested by Zeuthen (Collegium, 1908,. 336) are under consid- 
eration by the I. A. L. T. C. Grassier reports that in rare cases 
tannin extracts may bp coloured with analine dyes and proposes the fol- 
lowing method for their detection: Add 2 c.c. of sodium hydroxide 
(1:10) to 5 c.c. of the extract, then add 5 c.c. benzene and shake well. 
After standing the benzene portion is passed through a dry filter-paper. 

Add I c.c. of concentrated acetic acid to the solution, which will 
then extract the colour from the benzene; auramine may be looked for 
as the most likely dyestuff. 
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The Value of Non-tans and Phlobathenes.— The value of the 
non-tans in any extract or tan liquor is open to question. Some prac- 
tical authorities estimate their value as high; on the other hand, Parker 
{J.Soc. Ckem. Ind., 1910, 29, 313) is inclined to hold the opposite view. 
Variations in the nature of these non-tans may give rise to these con- 
flicting opinions. This problem has been complicated in recent years 
by the manufacture of extracts at higher temperature and pressure 
which naturally gives increased extraction of the so-called non-tans. 
A more detailed investigation into the nature of the non-tans (^. e., the 
proportion of the gallic acid in the same to the tannin present) will 
throw further light on this subject. Stiasny {Collegium^ 1909, 385, 
395) has shown that a higher percentage of non-tans undoubtedly 
slows up the penetration of the tannin proper into the pelt and Parker 
has shown that in some cases their presence lowers the subsequent 
resistance to water penetration. If their value is of a negative order 
experimental tanning with pure tannic acid should give the optimum 
effect. Figures are not available to show whether this is so in 
practice. 

Phlobathenes, or tannin-resins play an important part in tanning. 
They determine the superior water-resisting power of sole leathers. 
The modem call for very light coloured leathers for this use, which are 
produced by a subsequent treatment in which bisulphites play an 
important part, tends to remove these more insoluble tannins, which 
.have been deposited within the fibre substance at much cost of time and 
labour to the tanner. The boot manufacturer has been severely 
criticised on this account; and the future should see a return to a more 
rational standard in which the wearing and water- resisting properties 
are properly appreciated, and mere colour takes its proper place in the 
valuation of these leathers. 

Treatment with Hide Powder. 

The recognised methods of treating the tannin solution wTth hide 
powder have been the “filter-bell’^ and the “shake” methods. The 
former has now been discarded officially in favour of the shake method 
both in America and Europe. These may differ in the results given 
up to 4-6% (Paessler). The filter-bell method has so often been 
described that under the circumstances little space will be given to 
it here. It consists of a siphon filter connected at the upper end 
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with a bottle of about lo c.c. capacity from which the bottom has been 
removed. The short limb is fitted by means of a rubber cork into the 
neck of the bottle. This is loosely plugged with glass wool, and the 
bottle is lightly but firmly filled with hide powder. When filled the 
powder is kept in place by a piece of muslin held over the lower end 
with a rubber band. The glass siphon is about 30 cm. long. The 
packed filter is placed in a beaker, and the tannin infusion added very 
carefully so that the hide powder is gradually wetted by capillary 
action. This should occupy nearly an hour. When the beaker is 
filled with solution the siphon is started by suction and the solution 
passing over collected in a measured glass. The first 30 c.c. passing 
is rejected and the second 60 c.c. collected if it is free from cloudiness, 



and under Procter’s instructions if a little of the second portion is then 
allowed to drop into the first portion there should be no precipitate. 
This precaution is not needed with the chromed hide powder. The 
filtering operation should not take more than i hour, nor less than 
half an hour. This method, due to Procter, has been compared with 
the shake method by the International Congress, and after seven years 
deliberation has finally been certified as being often incorrect and 
misleading, since it depeftds on two vaiying factions, viz,, the quality 
of the hide powder and the personal element of each chemist (Parker, 
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Collegium^ 1907, 285, 410). Figures are also given by this authority, 
using the then official Freiburg powder, showing the differences ob- 
tained by the two methods when using different extracts {Collegium^ 
1907, 286, 424). 

The shake method may be conducted in a so-called milk shaker 
as used in America (Yocum, Leather Manufact.^ 1894, 9), but any 
satisfactory method of keeping the mixture in vigorous agitation will 
do equally well. Bottles fixed on a frame involving not less than 
60 revolutions per minute give satisfactory results. 

Other Methods of Estimating Tannins. 

The direct weighing of the precipitate produced by gelatin in a solu- 
tion of tannin was first suggested by Sir H. Davy, who stated that the 
precipitate contained 40% of gallotannic acid. The method has been 
more recently employed by Stoddart, Macagno, Gunther, Johansen, 
Lehmann, and others, who differ widely in their statements as to 
the composition of the precipitate. It undoubtedly varies greatly 
in composition according to the strength of the solution and other 
circumstances, besides which it is soluble in excess of gelatin solution 
and very difficult to wash free from alum or other salts employed 
to facilitate the precipitation. The variable nature of the precipitate, 
to say nothing of the difficulty of ascertaining the end of the action, is 
^against the use of this method. Lehmann has shown that the liquid 
may be diluted within certain limits without notably affecting the 
result, while the clarification of the liquid can be effected by adding 
powdered glass or barium sulphate and vigorously stirring. The 
tannin infusion is diluted with an equal volume of saturated aqueous 
solution of ammonium chloride, and titrated with a 1% solution of 
gelatin in cold saturated ammonium chloride. The end of the action 
is ascertained by filtering a few drops of the liquid and testing it with a 
solution of gelatin on a watch-glass placed on a black surface. Catechu- 
tannic acid is said to give good results in this way, i c.c. of the gelatin 
reagent representing 0.139 grm. of the tannin. Johansen recom- 
mends that a little chrome-alum should be added to the ammonium 
chloride solution. 

H. Dieudonn^ {Ckem, Zeit.^ 1886, 10, 1067) ascertained the density 
of the infusion before and after the absorption by means of a delicate 
iiydrometer, instead of weighing the residues obtained on evaporating 
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equal volumes to dryness, and gave a table of densities of solu- 
tions of gallotannic acid. The saving of time effected by ascertain- 
ing the density of the infusions, instead of evaporating them to dryness, 
is more than counterbalanced by the uncertainty that all tannins have 
the same solution-density as gallotannic acid. The suggestion is prac- 
tically a revival of the obsolete process of Hammer. According to this 
observer, for concentrations below 5%, gallotannic acid has a solution- 
density of 0-004. Above that strength the increase is slightly more 
rapid, a 10% solution having a sp. gr. of 1.0406, and 15% of 1.0614, 
while a 20% solution has a sp. gr. of 1.0824. Hence each o.i grm. of 
gallotannic add present in 100 c.c. of its aqueous solution may be 
regarded as increasing the sp. gr. by 0.0004. 

Under ordinary circumstances, the direct observation of the increase 
in the weight of the hide, or other gelatinous substance employed, is 
impracticable, but purified catgut has been suggested by A. Girard for 
the estimation of the tannin and colouring matter of wine {Rep, AnalyL 
Chem., 1882, 18, 285. 

W. Schmitz-Dumont {Zeit. fur offent, Chemie.^ 3, 209) proposed as 
a substitute for hide powder formalin-gelatin prepared in the following 
way: thick filter-paper is saturated with a 10% solution of gelatin and 
dried. This is then immersed for 24 hours in a 2% solution of for- 
malin, and afterward dried at 95®. It is then cut into strips and 
reduced to powder by grinding, and again treated with formalin solu- 
tion for 24 hours. It is then dried at 100° In order to free the prep- 
aration from trioxymethylene it is digested in hot w^atcr until the 
washings give no formaldehyde reaction with alkaline resorcinol. 
The powder is then dried on a water-bath and is ready for use. Hide 
powder treated with formalin has also been tried but is unsatisfactory 
in its keeping qualities. 

A modified method of estimating tannin by precipitation with gelatin 
has been described by Collin and Bcnoist {MonitScient.f 1888, 31, 364). 
They employ an aniline dye in conjunction with gelatin, and operate 
in presence of calcium acetate.^ The end of the operation is indicated 
by the decolourisation of the liquid, the dye being precipitated with 
the gelatin. 

A solution of tannin is made by dissolving 5 grm. of dry pure tannic 
add in water, adding 0.5 c.c. of a 10% solution of mercuric iodide 

* The u*e of magenta as an indicator was previously suggested by Wagner, but was found 
meless from the fact that it was freely absorbed by the precipitate of tannate of gelatin, 
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dissolved in its own weight of potassium iodide, and diluting the liquid 
to I litre. A weight of 5 grm. of gelatin is dissolved in i litre of hot 
distilled water, the liquid boiled, and sufficient white of egg added to 
clarify it. After cooling, 0.5 c.c. of the mercuric iodide solution is 
added and sufficient sodium hydroxide to render the liquid slightly 
alkaline. 50 grm. of pure and dry calcium acetate is dissolved in i 
litre of water, and the filtered liquid treated with a few drops of the 
mercuric iodide solution. This acts as a preservative of the solution. 

For the assay of tannin infusions which are not coloured, a 1% 
solution of pure methylene blue is used. For coloured tannins or 
extracts either a 4% solution of Nicholson’s blue BB, or a 1% solution 
of blue-black NBI. 

For the estimation a flask is used, having a capacity of about 60 c.c. 
and a neck 3 cm. in diameter, i c.c. of gelatin solution, 2 drops of 
blue solution and 5 c.c. of calcium acetate are measured into the flask, 
which is then filled to the neck with distilled water at a temperature of 
75° to 80°, by means of a burette capable of delivering 40 drops to i c.c. ^ 
A little of the standard solution oLtannin is added, when the flask is 
closed and shaken. A precipitate is formed which rapidly rises to the 
surface of the liquid, and the addition of the tannin is continued drop 
by drop with agitation between each addition until the solution becomes 
colourless. The process is then repeated with a solution of the tannin- 
matter to be assayed, which, if acid, should previously be nearly 
neutralised by the cautious addition of sodium hydroxide. 

• The method has been tested under various conditions. Altera- 
tions in the concentration of the tannin solutions; the presence of other 
organic substances, such as lactates, butyrates, gallates, and gallic 
acids; and all the salts that accompany tannin as it occurs in commerce, 
have little or no influence on the results. When a large proportion of 
gallic add is present, a knowm volume of the standard tannin solution 
must be added to the solution to be assayed, making the requisite 
correction. 

Casein has been used by Nierenstein {Chem. ZeiL, 1911, 35, 31) 
as a predpitant for tannic add in the place of gelatin, 100 c.c. of a 
solution of tannin being shaken for 10 minutes with 6 grm. of casein 
(free from fat) and then with a further 3 grm. of the same material. 

' TJe authors used specially constructed burettes. An ordinary burette with glass-tap 
Would answer the purpose, if a special nozsle of drawn-out glass tube were attached to it by 
india-rubber tubing. Apparently it would not be difficult to modify the manipula- 
tion so as to employ larger quanUties or more dilute solutions, and thus avoid the necessity 
of using a spei^ burette. 
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After filtering the absorbed tannin is estimated as in the hide pow- 
der process. It is said that dextrose and gallic add are not absorbed. 

A method of assaying tea^ originating with Allen {Chem, News, 29, 
169, 189), was based on the precipitation of the tannin from a hot solu- 
tion by a standard solution of lead acetate, the end of the action being 
ascertained by filtering a few drops of the liquid and testing it with 
ammoniaca! ferricyanide. The method was selected partly because 
the estimation included any gallic acid which might be present, and 
hence is not suited for the assay of tanning materials without some 
modification. * 

R. Jackson (Cke 7 n. News, 1884, 50, 179) agitated tannin infusions 
with lead carbonate, filtered after a few hours, and calculated the 
tannin from the loss of gravity, assuming a 1% solution of all kinds of 
tannin to be 1.0038. 

Dodge (/. Am. Leather Chem. Soc., 1907, 2, 38) precipitates the tan- 
nin by means of lead carbonate, estimating the total solids and soluble 
solids by the official method (A. L. C. A. ). Acid solutions dissolve 
part of the lead carbonate and this^must be allowed for. Results are 
rather higher than with hide pow'der. 

A. Carpene (Gazzetta, 1875, 5, 120) recommends, for the estimation 
of the tannin in wine, the use of a solution of ammonio-acetate of zinc 
containing a large excess of ammonia, which reagent has the property 
of forming with the ccno-tannin a tannate of zinc quite insoluble in 
water, in ammonia, and in excess of the reagent itself; while it gives 
no precipitate with alcohol, malic or tartaric acid, tartrates, glycerin, 
gelatin, albumin, or the iron salts of organic acids. With gallic and 
succinic acids, dextrose, and salts of aluminium it forms precipitates 
soluble in excess of the reagent and In ammonia. 

On treating the wine with an excess of ammoniacal zinc acetate, a 
precipitate is formed, consisting of zinc tannate ^mixed with a small 
quantity of colouring matter. The wine is heated nearly to boiling to 
agglomerate the precipitate, which, after cooling, is filtered off arid 
washed with a little boiling water, to remove adherent colouring matter. 
The precipitate is dissolved in dilute sulphuric acid, and the solution 
so obtained titrated with standard permanganate and indigo, as indi- 

’ M. Villon Soc. CJttw,. 1887, 47, 97) states that mllic add U not predpitated by 
lead acetate, ^t this is not the c^. Guyard, suggested that by using a aolution of acetate 
of lead containing a considerable quantity of free acetic acid it might be poasible to preci- 
pitate tan^ (and colouring matter) while leaving gallic acid in aolution, and then, by 
tr«tjflg the lead precipiute with dilute sulphuric acia, a aolution would be obtained in 
which the t^nic acid could be estimated by the permanganate method. Thie procen has 
been investigated and used in the Dreaper method (see page 70). 
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cated on page 63. The results by this method are stated to be accurate 
when applied to wine, but Kathreiner found that with ordinary tannin- 
matters the figures were very inconstant. 

Figures have been given covering the use of this process with Chest- 
nut, Mimosa, Sumac, and Quebracho, which seem to be satisfactory 
and agree with the official method within certain close limits (see 
page 31). 

Ammoniacal acetate of zinc is recommended to precipitate the 
tannin by Lepetit {Collegium^ 1910, 375). The excess of zinc is 
removed by ammonium sulphide. 20 grm. of zinc acetate are 
dissolved in 80 c.c. wafer and 12 c.c. of ammonium acetate solution 
added. The latter is prepared by neutralising glacial acetic acid 
with strong ammonia. 8 c.c. of strong ammonia are then added. To 
precipitate the tannin, 100 c.c. of solution containing 4.65 grm. of 
tannin per litre are treated with 6 c.c. of the zinc solution. After five 
minutes the solution is filtered through S. and S. paper 605. The 
zinc is removed from the clear filtrate. 4 drops of acetic acid and 
1.5 of colourless ammonium sulphide being added to 65 c.c. of the 
filtrate. This, after- filtration, is evaporated to dryness and the residue 
dried at i02°-io5° in a vacuum. 

In Gerland’s process, the tannin is precipitated by a standard 
solution of tartar-emetic (2.611 grm. per litre), in presence of ammo- 
nium chloride, which prevents the co-precipitation of gallic acid. The 
assay of sum<ic by this method is said to give results which are con- 
stantly 2/3 of those given by titration with permanganate. The 
tendency of the standard solution to change may be obviated by the 
addition of methylated spirit to the solution. Some tannins (c. g., 
those of catechin and horse-chestnut) are not precipitated by tartar- 
emetic. 

Richards and Palmer (Silliman^s Amer. Jour. Scimee^ [3], 16, 196, 
361) substituted acetate for the chloride of ammonium in Gerland’s 
process, and ascertained the point of complete precipitation of the 
tannin by testing a drop of the clear supernatant liquid on a hot por- 
celain plate with solution of sodium thiosulphate, which produced an 
orange precipitate if the antimony is in excess. The standard solution 
of tartar-emetic contains 6.730 grm. of the dried salt per litre; i c.c. of 
this solution is Equivalent to o.oi grm. of tannin. 

The Parker-Payne method of analysis (/. Soc. Chem. htd.^ 1904, 23, 
648) is based on the estimation of the acidity of the solution before and 
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after the removal of the tannins as calcium salts. 300 c.c. of N/5 
solution of calcium hydroxide is added to 200 c.c. of the tannin solution 
of about the strength used in the official methods, and allowed to stand 
for 4 hours with occasional shaking. loo c.c. are filtered and titrated 
with acid using phenolphthalein as an indicator. The amount of 
calcium hydroxide used is called the total ahsorpiion valued The 
tannin is then removed by precipitation with “coliin,” an indefinite 
form of hydrolised gelatin, which is very sensitive as a precipitant. 
The lime absorption in this filtrate is then taken and gives the *"acid 
absorption,* the difference between these figures being the true 
tannin. It has been pointed out (Dreaper, Chem. News, 1904, 90, m, 
and Wood, J.Soc. Chem. Ind., 1904, 23, 1071) that this precipitation 
is not a satisfactory one. Procter and Bennett (/. Soc. Chem. Ind., 
1906, 25, 251) also consider it unsatisfactory. Boegh {Collegium, 
1904, 125, 301) also shows that while the process seems to give results 
which compare with the hide-powder process in the case of the pyrogallol 
tannins, this is not so with the catechol group. 

A. Casali {Chem. Zeit., 1884, 8, 98) estimated tannin by precipita- 
tion with a solution of nickel ammonium-sulphate. A volume of solu- 
tion (i c.c.) which will precipitate 0.0 1 gim. of gall-tannin is stated to 
be equivalent to 0.01497 oak-bark tannin. 

F. Becker described a method of estimating tannin by precipitation 
with a solution containing 5 grra. of methyl-violet per litre {Chem. 
Zeit., 1885, 9, 46). 50 c.c. of this solution is diluted with 450 c.c. of 
water at 50®, and a 1% solution of pure gallotannic acid run slowly in, 
with continual stirring, until the colouring matter is completely pre- 
cipitated, a point readily ascertained by filtering a small sample. A 
similar experiment is then made with an infusion of the tanning mate- 
rial to be tested. The process is said to be well adapted for the assay 
of sumac, and might be found useful in most cases where the tannin is 
intended to be employed in dyeing or lake formation. 

Ostermeyer, improving on a suggestion of Wagner, proposed to 
estimate tan n i n by a standard solution of cinchonine coloured with 
magenta, the end of the action being indicated by the pink tint 
acquired by the solution {Chem. News, 40, 181). Gallic acid ia not 
precipitated by dnehonine. Some observers have reported unfavor- 
ably of this process, and state that in certain cases the liquid acquires 
a red tinge long before the tannin is precipitated. The alkaloid solu- 
tion contained 4-523 cinchonine sulphate, with 0.5 grm. sul- 
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phuric acid and o.i grm. fuchsin in i litre; each c.c. of this solution 
is said to precipitate o.oi grm. of tannic acid. 

Such a method for the analysis of tannin in hops and tea has been 
recently reviewed by Chapman, and Tatlock and Thompson, re- 
spectively {Analyst, 1908, 33, 95, and ibid, 1910, 35, 103). In both 
cases, as suggested, the tannin is precipitated from aqueous solution 
by quinine sulphate. The following particulars are given in the case 
of tea analysis: i grm. of tea is boiled in 400 c.c. water under a reflux 
condenser for i hour. After filtering and bringing the temperature to 
15.5® add I grm, of ordinary basic quinine sulphate dissolved in a mixture 
of 25 c.c. water and 2.5 c.c. N sulphuric acid. After 15 minutes the 
precipitated quinine tannate is collected on a taxed filter-paper, washing 
any precipitate remaining in the beaker into the filter with some of the 
filtrate, but not with water. After thorough draining, the precipitate 
is transferred to a weighed basin and dried at 100°. The weight is 
multiplied by 0.75 to obtain the tannin. This process is claimed to 
exclude the estimation of colouring matters as tannin. The following 
figures are given: 



i Tannin % 



1 Variations 

Average 

Indian teas 

13.32t014.9S i 


14.33 

Ceylon teas 

10.31 to 13.91 


J2.29 

China teas 

7.27 to 10.94 


950 


Chapman prefers cinchonine as a precipitant, and objects to extrac- 
tion of hop and also tea tannins under the conditions stated. His 
original process is as follows: 10 grm. of hops are placed in a flask 
marked at 508 c.c., 400 c.c. of boiling water are added and the flask 
kept at that temperature for 2 hours. 50 c.c. of this filtered solution 
is evaporated to 15 c.c. and when cool 50 c.c. of a saturated solution 
of cinchonine sulphate added. After standing 2 hours the precipitate 
is collected on asbestos in a Gooch crucible, washed several times with 
a half-saturated cinchonine sulphate solution and dried at loo*’, the 
Gooch crucible being treated with a little of the washing solution and 
dried as a preliminary operation. It is evident that air should be 
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excluded as far as possible, both in the digesting and evaporating 
processes or the results obtained may be low. 

F. Jean {Bull Soc. Ckem,^ 18^5, 183) has described a process of 
estimating tannin, based on the volume of the infusion requisite to 
render a solution of an iron salt opaque. The operation is conducted 
in a beaker 8.5 cm. in diam., placed in a good light on a black cloth, 
having on it a small circle of white paper about 5 cm. in diam. 5 c.c. 
of a solution of iron, containing 14 grm. of ferric chloride and 10 c.c. 
of hydrochloric acid per litre, is run into the beaker and 200 c.c. of 
water added. A 0.1% solution of tannin is then dropped in with con> 
stant stirring. The titration is finished when the disc of white paper 
is wholly invisible after the liquid has come to rest, which in the case of 
pure gallotannic acid occurs when 11.6 c.c. of the solution has been 
added. In comparing tanning materials with this it is simply necessary 
to take care that the infusions are approximately of the same richness 
in tannin, and this may be attained by extracting 1.5 grm. of European 
bark, i.o of African bark, 0.5 of quebracho, 0.5 of sumac, or 0,25 grm. 
of catheu, and diluting the liquid to 100 c.c. The estimation can be 
made very rapidly, and is said to be accurate to 0.5%. By subse- 
quently repeating the experiment ^\'ith a solution which has been treated 
^\■ith hide powder the error caused by gallic acid may be eliminated. 
This process might be useful in the dyer’s laboratory for special work. 

E. Durien proposed to estimate tannin by adding acetic acid and 
ferric chloride to the infusion, and then dropping in a standard solu- 
tion of bleaching powder (5 grm. per litre) till the colour of the liquid 
changes suddenly to a rose-brown tint. Sugar was found not to affect 
the result, but gallic acid was not considered. 

Musset {Zeit.f. Anal Chem., 1884, 23, 584) described a method of 
titrating tannin by oxidation with iodine. 100 c.c. of a 1% solution of 
bark is treated with 20 c.c. of N/io solution of iodine (12.7 grm. per 
litre), the flask filled to the neck with warm air-free water, and carefully 
closed. After 1 2 hours, the free iodine is reduced by standard thiosul- 
phate solution, which should be added somewhat in excess, and the 
liquid titrated back with N/io iodine and starch. By operating in a 
similar manner on a solution which has been treated with hide powder, 
the error due to the presence of gallic acid and other *‘not tannin” 
matters is ascertained, 

A. Moullade {J, Pharm. Chim.y 1890, 22, 153) describes a method 
of determining tannin by means of iodine in the presence of sodium 
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hydrogen carbonate. Carbon disulphide is used as an indicator. The 
iodine solution should contain 5.2 grm, of iodine and 7.6 ■ grm, 
'of potassium iodide per litre; the sodium bicarbonate solution is i : 10. 
To 10 C.C. of a tannin solution 30 c.c. of the bicarbonate solution are 
added, together with 2-3 c.c. of carbon disulphide. The iodine solu- 
tion is introduced from al^urette until a blue colour appears. Several 
titrations are necessary to ensure good results. In the presence of 
substances similar to tannin, two experiments are necessary, in one of 
which the tannic acid is precipitated by the gelatin; the difference 
between the 2 titrations corresponds to the tannin present. 

According to Boudet {J,Soc. Chem. Ind,j 1902, 25, 956), standard 
iodine solution is used in excess before and after detannising with 
hide powder, the excess of iodine being estimated with thiosulphate. 

Gardner and Hodgson suggest a modified iodine method {Chem. 
Soc. Proc.j 1908, 24, 273), standard iodine solution being added in 
excess. Sodium hydroxide solution is added drop by drop until the 
colour disappears, concentrated hydrochloric acid is then added to 
precipitate the unabsorbed iodine, which is estimated by thiosulphate 
solution. Gelatin is recommended to separate the tannin. (See also 
Proc. VII. Inti. Congress Appl. Chem., 1909, Section I.) 

The detection of gallic acid in the presence of tannins is said to be 
achieved by titrating with iodine in the presence of sulphuric acid as 
well as in its absence. Sulphuric acid is said by Grassier {Collegium ^ 
1910, 406) to prevent the combination of iodine with gallic acid under 
these conditions. 

Guenez {CompL rend.^ 1890, iio, 532) gives the following volumetric 
method for the estimation of tannin. A standard solution is prepared 
containing 12 grm. of tartar-emetic and i grm. of Poirier’s green 4JE 
to I litre of water. The solution of tannin is run from a burette into 
20 c.c. of the boiling coloured solution until it is completely decolour- 
ised. The standard solution may be standardized by a solution of 
pure oak-gall tannin of known strength. Gallic add does not interfere 
^^’ith the process. 

L. Roos (/. P/wrw. 1890, 22, 59) gives a volumetric method 

adapted to the estimation of tannin in wines. A 10% solution of tar- 
taric acid is used, made slightly alkaline with ammonia; neutral lead 
acetate is then added until the precipitate no longer dissolves, w'hen 
the solution is filtered. Tannin is said to be completely precipitated 
by this solution, sodium sulphide being used as an indicator. About 
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25 c.c. of the wine are taken for analysis and made slightly alkaline 
with ammonia. 

P, Wilhelm {Rev. gin, de$, mat, col., 1898, ii, 307) described a 
method of estimating tannin by adding the tannin solution to a known 
volume of standardised methylene blue solution (containing a small 
quantity of ammonia to neutralise the free mineral acid set free) until 
the action is complete. The methylene blue solution should contain 
12.5 grm. dissolved in i litre of water, and the colouring matter should 
be free from zinc. The tannin solution is titrated into the methylene 
blue solution to which a little ammonia has been added. The end- 
point is ascertained by spotting from time to time on stout filter-paper. 
When all the blue has been precipitated, the back of the spotted filter- 
paper remains colourless. The process has, it is claimed, given results 
within 2%. 

L. Vignon (Covipt. rend,, 1898, 127, 369) described a method for the 
estimation of tannin by the use of silk. He claimed that silk free from 
silk gum absorbs tannin readily and completely from solutions of 
tannin materials, but does not absorb gallic acid, dextrose, etc. The 
tannin may be estimated either by the increase in the weight of the silk, 
or by the difference in the proportion of solid matters in the solution 
before and after treatment with silk, or by titration with permanganate. 
The accuracy of this method, however, depends on the nature of the 
tannin material employed, as silk does not appear to absorb all tannin 
materials in the same proportion. It also absorbs gallic acid very 
readily under certain conditions. 

S. T. Hinsdale (Chem, News, 1890, 62, 19) gave the following 
colourimetric method for estimating tannin in bark. The following 
solutions are prepared: Dissolve 0.04 grm. potassium ferricyanide 
in 500 c.c. water, and add to it 1.5C.C. liquid ferric chloride; this is 
called the iron mixture. Dissolve 0.04 grm. “pure tannin^’ (gallo- 
tannic acid), which has been dried at 100®, in 500 c.c. water; call this 
the tannin solution. 0.8 grm. of the bark is exhausted with boiling 
water, and the extract made up to 500 c.c. with cold water. Place six 
2-ounce beakers on a white surface, and in one of them place 5 drops 
of the bark infusion, and in the others put 4, 5, 6, 7 and 8 drops of the 
tannin solution. Add to each 5 c.c. of the iron mixture, and then 
make a further addition of 20 c.c. of water to each after about i 
minute, and within 3 minutes observe the shades of colour. Then 
the number of drops of tannin solution used in the beaker which cor- 
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responds in shade of colour to the beaker containing the bark infusion 
indicates the percentage of tannin in the bark. The results are neces- 
sarily in terms of commercial gallo-tannic acid, and not in those of 
pure tannin or of the particular tannin in the material assayed. For 
substances containing over io% of tannin, the infusion should be pro- 
portionately diluted. 

Wislicenus (Collegium, 1904, 115, 204) has suggested the substitu- 
tion of fibroid alumina in the place of hide powder. It is said to give 
results which are of special value, although it is doubtful whether it 
will ever replace the latter in the official method, for the non-tannins 
are precipitated to a certain degree as well as the tannins, and possibly 
to a different degree from those attracted by hide powder. The 
alumina may be repeatedly used after ignition. It can be obtained in 
commerce. 

Baum (Collegium, 1906, 230, 373) detannises the solution in an 
aluminum vessel through which solution a low voltage current flows, 
the aluminium tannate is formed and weighed directly. 

The estimation of tannin by electrolytic methods has also been sug- 
gested by Metzges (Collegium, 1908, 318, 259). 250 c.c. of the solu- 

tion is submitted to a current of “longue^* phase and no volts using 
aluminium anodes. After 30 minutes the tannins were entirely pre- 
cipitated, and the non-tannins were estimated in 50 c.c. of the solution 
by evaporation. Corridi, however, claims that matter other than 
tannins is precipitated at the same time (Collegium, 1909, 14, 281). 
Actual results obtained with mimosa, valonia, mirabolans and que- 
bracho are given. When analysing alkaline tannin solution anti- 
incrustators the solution must be acidified with acetic acid before 
analysis (Kopecky, /. Am. Leather Chm., 1904, 2, 45). 

Determination of Colour in Extracts. — It is noticed in practice 
that a brightly coloured extract produces a light coloured bath and a 
good tannage. The colour can be tested by the optical or empirical 
method. In the first case, Lovibond’s tintometer can be used and a 
permanent record of the shade can be kept. This method is satis- 
factory for the testing of extracts during manufacture, but is not so 
valuable when the resulting shade obtained on leather is the considera- 
tion. The second method of testing has been recently improved by 
Eitner (Gerber 1910, 36, 321) where an “animalised fabric’^ is 
substituted for a piece of pelt which under old conditions was tanned 
under known conditions. 
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The animalised cotton is prepared in the following manner. A 
cotton material felted on one side and i mm, thick and 1 1 cm, broad 
is, after washing in boiling water, pressed and put on reels. This is 
then run through a o. 25% solution of formaldehyde and then through a 
6 % solution of gelatin, and subsequently dried in a protected position. 

The extract to be tested is made up to 6° and 5 grm. of the 
animalised fabric are placed in it for a few minutes, and then churned 
for 12 hours. After washing in water for 10 minutes and being 
squeezed, it is dried very slowly at a temperature not exceeding 30®. 
This process is said to give uniform results and to give a good indica- 
tion of the value of the extract so far as colour is concerned. It is 
possible that raw or gum silk would give similar results when substi- 
tuted for the animalised fabric. The writer has used it for this purpose 
when the colour of the extract is to be tested for dyeing purposes. 

Procter (J.Soc. C/iem. Ind,^ 1910, 29, 663) suggests a variation in the 
method of colour measurement, and discusses the Schmidt and Haensch 
and the Laurient and Dubose types of tintometer. 

In testing the colour of extracts by the Lovibond method it seems 
that the temperature of dissohing has a great influence on the result 
obtained. Lamb {Collegium, 1910, 29) suggests that this error should 
be reduced by always dissolmg at a temperature of 60°. 

English chemists have recently adopted a colour measurement in 
addition to that of the ordinar)’ tintometer figures. The standard 
colour represents a proportion of red to yellow (wdth a necessary 
small correction of blue). The standard strength is the quantity of 
extract or tannin) per 1000 parts of solution necessary to give the 
standard colour in a cell of i cm. thickness. 

Examination of Tan-liquors. (See page 78.) 

Besides estimating the tannin and oxidisable substances in tan- 
liquors, it is desirable to obtain further information as to the pro- 
portion and nature of the free acids present. The acid is usually 
acetic, though butyric, lactic, and other acids produced by fermenta- 
tion are frequently present. By titrating the liquor with lime-water, 
using methyl-orange as an indicator, the proportion of strong acids 
capable of producing “plumping,” or swelling of the leather, will be 
roughly ascertained. Sulphuric acid is, it is said, sometimes added 
for this purpose. 
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Hoppenstedt (J. Am, Leather Chem. Soc.^ igo6, i, 192) estimates free 
acid in tan-liquors by precipitating the tannin with quinine. 200 c.c. 
of diluted liquor is taken and 20 c.c. of a solution of 15 grm, of pure 
quinine in no c.c. 95% alcohol. After mixing thoroughly and filter- 
ing Too c.c, is titrated with N/io sodium hydroxide using phenol- 
phthalein as indicator, as the soluble salts formed by quinine and free 
acids react acid to this indicator. Results are calculated as free 
acetic acid. 

This matter has been studied in detail by Bennett and Wilkinson 
{Collegium, 1907, 289, 441) and the conclusion come to is that no 
process at present known will give absolute results. The Procter 
lime-water method seems to give results which are useful in prac- 
tice. 10 c.c. of the filtered solution to be tested is titrated with 
a saturated solution of lime water until a permanent turbidity is ob- 
tained due to the formation of an insoluble calcium tannate, when the 
free acid is neutralised. This is the only method which does not 
involve the removal of the tannin from the solution. In case the 
special tannic acid present does not give an insoluble calcium salt it is 
better to add a little pure tannic acid to the solution. The lime water 
is standardised against N/io hydrochloric acid solution, but Procter 
expresses the results in terms of acetic acid. The presence of boric 
acid and gallic acid interfere with the value of the results obtained, so 
that in practice the only use that the process can claim is in estimating 
the acids present which will give soluble calcium salts in terms of CaO. 
This is of value in practice, for the part played by the acids present is 
to form soluble salts \\ith the alkali of the limed hide. 

The quinine method of Hoppenstedt is not favourably reported on 
for this purpose by these investigators. The gelatin method of Koch 
in which the tannin is removed by means of salted gelatin, is of little 
value as such coagula carry down other acids with avidity. 

Bennett and Walker suggest a method in which lead oxide (3 grm.) 
is digested with 100 c.c. of the acid- tan liquor. All the tannins and 
the gallic acid and similar substances are precipitated, as w^ell as sul- 
phuric, boric, oxalic or carbonic acids present, so that only such 
acids as acetic, formic, and lactic acids are left in the solution; after 
filtering, 20 c.c. are titrated with N/io potassium ferrocyanide in the 
» presence of e.xcess of acetic acid, using uranium acetate as an outside 
indicator which gives a brown colouration. Another 20 c.c. is taken, 
and an amount of N/io sulphuric acid equal to that required in the 
VoL. V . — 7 
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above titration added. A quantity of sodium sulphate is then added 
and the mixture warmed. The organic acids are thus liberated, and 
are estimated by N/io potassium hydroxide using phenolphthalein as 
an indicator. 

Crasser (Collegium, igio, 406) suggests an apparatus for estimat- 
ing the acid present in tannin liquors. The carbon dioxide present is 
first r<emoved by passing a current of air (free from that gas) through 
the liquor, absorbing in potassium hydroxide and weighing. Acetic and 
other volatile acids are then boiled off and titrated with N/io alkali. 
The residual acids (lactic acid, etc.) of a non-volatile nature are 
titrated with baryta and penolphthalein after detannisation with gela- 
tin solution (Koch’s method). It must, however, be remembered that 
the ^latin coagulura will carry down with it free acid. 

Quite recently Procter and Seymour-Jones (Collegium, 1910, 299) 
throw doubt upon all the present methods of estimation, and fall back 
on the direct titration of the liquor by N/io sodium hydroxide. They 
rightly point out that detannisation by gelatin or hide powder removes 
other acids as well. The indicator used is fluorescein. This indicator 
fluoresces in alkaline solution, and this property is used to indicate the 
end-point. The indicator only comes into play with a hydrion 
concentration of io~*, and consequently it only estimates the acids 
which actually plump the skins. 

Gum arable has been suggested as a precipitant for both gallic acid 
and tannic add from tannin liquprs when the addity is to be estimated, 
but the process has not been accepted as a better one than the gelatin 
separation, 

Kohnstein and Simand (DingL Polyt. J., 1885, 38, 256) estimated 
the volatile organic acids^ (acetic, butyric, etc.), as follows 100 c.c. of the 
liquor is distilled to 30 c.c., the residue made up with water to the 
original bulk and again distilled, and the process repeated till the 

^ F. Andreasch (Der Ger^, aj, in) in a study of the fermentation phenomena in tan 
liquors, showed that the acidity of the liquor is due to the following causes: 

1. Putrefactive bacteria from the hides, bates, etc., accommodate themselves to the acid 
ration of Un liquors; they dissolve certain oitrogenoua constituents of the hide, and there- 
by furnish the chief nutriment for the more specific acid-producing bacteria. In liquors 
which are in use, the production of acid is proportional to the bide sut»tance present, 
provided ^mcient quantity of carbohydrates are present. 

2. Acetic acid, which in fresh tan hquors is the chief acid, U always formed by two sepa- 
ralc pwessw: (i) the production of alcohol by yeasts from the sugars of the non-tannins 
and (2) the fermentation of the alcohol by acetic bacteria. In tan liquors it is never formed 
directly from (ar^hydrates. 

V acid is product by sevml species of bacteria both from the sugars and other 

carDonyuratet of tan liquors, and from the sugars alone by a yeast. A good supply 
nitrc«CTW 8 nutriment is necessary for its production, the greater part of whicn is 
lurmahed by the hides. . 

4. Butyric acid occurs only in satisfactory tan liquors. 



TESTING TANNIN MATERIALS. 


99 


total distillate measures 300 c.c^, when it is titrated with standard 
alkali hydroxide and phenolphthalein, and 'the acidity expressed in 
terms of acetic acid. By adding sulphuric acid and water to the con- 
tents of the retort, again distilling and titrating the distillate, the 
combined acetic acid may be determined. 

Another portion of the liquid (80 or 100 c.c.) is shaken with 3 to 4 
grm. of freshly ignited magnesia, quite free from carbonates and cal- 
cium. The mixture is left for some hours with frequent agitation, 
when the brown or dirty green colour will have disappeared, and the 
filtered liquid will be nearly colourless, neutral, and free from tannin. 
The magnesia in solution is estimated in an aliquot part of the filtered 
solution, and will be equivalent to the total free acids of the liquor, 
exclusive of the tannic acid, which is completely precipitated together 
with the colouring matter. Another portion of the filtrate is evapo- 
rated to dryness, and the residue ignited. The ash is moistened 
with carbonic acid water and dried. It is then boiled with distilled 
water, and the solution filtered. The magnesia remaining insoluble 
corresponds with that which existed in the solution as magnesium salts 
of organic acidSf and may be estimated gravimetrically as pyrophos- 
phate, or dissolved in standard acid and titrated with alkali and 
methyl-orange or litmus. By dividing the percentage of acetic acid 
previously found by 3 and subtracting this figure from the percentage 
of MgOj the weight of the latter corresponding to the non-volatile 
organic (uids of the liquor wall be found; and 4.5 times this amount will 
be their equivalent of lactic acid. The magnesia contained in the 
aqueous solution of the ash is equivalent to the free sulphuric acid 
originally present. 

The liquors of a set of seven handlers, in a Continental upper-leather 
tannery in which larch-bark was used, show’ed, by the above process, 
in grm. per 100 c.c.: Total acids reckoned as acetic, from 0.20 to 
0.68; volatile acids, 0.05 to 0.46; and fixed organic acids reckoned as 
lactic acid, 0.05 to 0.59. 

The hide-powder process for the gravimetric estimation of tannin is 
not applicable to the testing of acid liquors, because the hide absorbs a 
certain proportion of the acid which is estimated as tannin. 

J. Passler removed the greater portion of the volatile acid by repeated 
evaporations; the hide-powder process can then usually be applied to 
Ike testing of tan-liquors containing acetic and lactic, and similar acids, 
without serious error; the results are suflSciently accurate for due con- 
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trol of the tannin process, and said to be more accurate than those 
obtained by the Lowenthal or Miirkatz processes. Such evaporation 
must dearly be conducted in vacuo. 

Bacterial action produces considerable changes in the composition 
of tannin liquors and a list of the chief of these will be found in an 
artide by Wood {J.Soc. Chem. Ind.f 1910, 29, 671). 

Tannin Substitutes. 

Recently sulphite cellulose liquors have come into commerce as 
tannin substitutes (pinewood extracts). Although these react with 
the hide-powder process, and may even show a result equivalent to 
25%* tannin, they propably do not contain any tannic acid. The 
permanganate process will onlytshow 4% tannin under these condi- 
tions and is therefore preferable when this extract is suspected. If to 
5 c.c. of the solution usually analysed 0.5 c.c. of aniline be added and 
after shaking 2 c.c. of concentrated hydrochloric acid be added, a 
precipitate m\\ indicate the presence of this substitute, if it forms 
within 2~3 minutes. 

Estimation of Sugar-content of Tanning Materials. 

For a solid tanning material, a weighed quantity of the ground sub- 
stance is extracted with water (i litre at 100°), 600 c.c. of the Bltered 
extract are concentrated to 200 c.c., and the tannins, etc., are precipi- 
tated from this solution by the addition of 20 c.c. of lead acetate solu- 
tion; after 15 minutes,, during which time the flask has been frequently 
shaken, the liquid is filtered through a dry filter, and to 100 c.c. of the 
filtrate 10 c.c. of sodium sulphate solution (equivalent to the leatl 
acetate solution) are added; the lead sulphate is removed by filtration 
through a dried filter and 25 c.c. of the filtrate are taken for the estima- 
tion of the sugar. There are mixed in a beaker, 30 c.c. of copper sul- 
phate solution, 30 c.c. of alkaline Rochelle salt solution and 60 c.c. of 
water. The whole is heated to boiling and the 25 c.c. of extract are 
added; the beaker is then placed in a boiling water-bath for 30 minutes. 
The cuprous oxide is filtered, dried, heated, and reduced in the usual 
manner. Should the tanning material be poor in sugar, or in case the 
method is applied to the analysis of a leather, which is not weighted 
with sugar, a larger volume than 25 c.c. may be taken for the estimation, 
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but a correspondingly smaller volume of water must be added to the 
Febling’s solution, in order that the total volume from which the 
cuprous oxide is to be precipitated may not exceed 145 cx. 

The quantity of material extracted must vary with its nature, as 
follows; 


Gnn. 

Oak-wood, chestnut-wood, and spent bark 30 

Oak-bark, willow-bark, pine-bark, fir-bark, larch-bark, etc 20 

Quebracho-wood, sumac, rove, cayota-bark, garouille, canaigre 10 

Myrabolans, valonia, knoppern 7-10 

Mimosa-bark 5-10 

Divi-divi, algarobilla, trillo 55 


In the examination of extracts, 8-20 grm. of the sample are dis- 
solved in 250 cx. of this solution, and without filtration, are treated 
with lead acetate, etc., exactly as described above, the sugar esti- 
mation being made with 25 c.c., or more, of the final filtrate under 
the conditions already given. Tanning liquors must generally be con- 
centrated before precipitating with lead acetate. 

In estimating the sugar in a leather it is usual to employ the 20 grm, 
of the finely-divided sample which have already served for the estima- 
tion of moisture, and have been extracted with carbon disulphide for 
the estimation of the fat. This portion is extracted in a Koch’s 
apparatus at the ordinary temperature in the manner described above. 
The litre of extract is concentrated to 500 cx., and 200 c.c. of this solu- 
tion serve for the precipitation with lead acetate, etc. Some 40 cx. of 
the final filtrate are used for the sugar determination. 

The lead acetate solution for this work is prepared by mixing 300 
grm. of lead acetate with 100 grm, of litharge and 50 c.c, of water, 
heating on the water-bath, with replacement of evaporated water, until 
the mixture is white in colour, digesting with a litre of cold water, and 
filtering. 

An inspection of the table (page 102) will show that those materials 
w hich contain a high ratio of sugar to tannin are the ones which have 
always been used for the tanning of such leather as requires an acid 
liquor for the production of, full weight. It must not be forgotten, 
however, that although there is evidence that sugars give rise to acid 
by fermentation they may not be the sole cause of acidity in the bath. 
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Mean 

tannin- 

content 

*'Sugar'’-content 

Proportion of 
add-yielding 
substances to 
100 taniiiii 

Mean 

Minimum 

Maximum 


% 

% 

% 

% 


Pink-bark extract .... 

35.00 

7.84 

4.58 

9.44 

31-4 

Pine-bark 

11.65 

3 .. 53 

3 ,65 

4-47 

30.4 

Oak-bark (young). ... 

10. lO 

•3.6s 

1.7s 

3 -46 

36.2 

Divi-divi 

41 <50 

8.39 

7.98 

8.83 

‘ 30.3 

Willow-bark 

X 0 oo 

1 ^ 






^ 74 




Algarobiila 

43-00 

8.33 

6.24 

10.49 

19. X 

Myrabolans 

30.00 

5.3s 

3.15 

7.05 

17.8 







Oak-bark extract 

38.00 

3-07 

a .47 

3 -93 

1 11 .0 

(Slavonic). 






Chestnut-wood extract 

30.00 

a .87 

3 . 6 x 

3-53 

1 9.6 

(normal liquid). 






Valonia 

38.80 

i 3.69 i 

1.31 

3-57 

9.3 

Cayota-bark 

3 3,00 

! 1.65 ' 



■ 7.5 

Hemlock- bark 

13.52 

1 0 ■ 7 ^ 



5.76 

Trillo from Valonia ... 

1 43.50 




1 5,5 

Garouiile 

35,00 

' I . 00 1 

0.67 

t-Si 

4.0 

Gambler 

47.18 

i 1.85 ' 



1 3 >93 

Rove 


1 I . 13 1 



i 3,9 

Ouebracho extract 

70,00 

1 a. 41 1 

1.04 

1 3 -So 


(solid). 1 


; 1 


1 


.Vfimosa-bark ! 

33,00 ■ 

o.gr ' 

0.33 1 

1.57 i 

3.8 

Knoppem 

30,00 

0.65 

0 ‘S 4 

o.:i j 

3.3 

Catechu 

30.89 


1 

1 

I . 3 $ 

Ouebracho-wood 

23.00 

0.25 

O.IO 1 

0.65 

I .1 


Detection of Adulteration in Sumac and Other Extracts. 

Sumac (Rhus coriaria) tanned book-binding leathers are less likely 
to be affected by light, gas fumes, or to decay or ** rot, ” so that adultera- 
tion is here particularly detrimental. This satisfactory condition is 
probably due to the absence of catechol tannins in the pure article. 
Many species of the Rhus family are used to adulterate sumac, but 
Pistacia lentiscus is chiefly used. Procter’s bromine water test or a 
microscopical examination is the best way of detecting these leaves and 
twigs. Nierenstein and Webster (Colic 1907, 265, 244) suggest 
the use of the diazobcnzene chloride test. 5 grm. of the sumac arc 
heated for about 6 hours and filtered, ro c.c. of the extract are placed 
in narrow beakers and 10 c.c. of 2% solution of diazobenzene chloride 
added and the mixture allowed to stand 12 hours with as little ex- 
posure to air as possible. The precipitate is filtered and washed with 
dilute hydrochloric acid, then with distilled water, and the nitrogen 
estimated by Kjeldahl’s method. 

Sumac is also adulterated with leaves of Tamarix africana. In 
order to detect these adulterations the use of the following property of 
a pure sumac decoction has been suggested: If lead acetate in po- 
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tassium hydroxide is added to a decoction of sumac and the mixture 
concentrated, a brownish-red liquid is obtained, which assumes a 
claret colour when diluted with water. The intensity of this colour will 
depend on the amount of sumac present, and since the decoctions of 
the leaves used for adulteration do not give this colour, the reaction 
may be employed not only for their detection, but also for their quan- 
titative estimation by colorimetry (Spica, GazeUa^ 1897, 27, 349). 

For this purpose 5 grm. of the sample are boiled for half an hour in 
500 c.c, of water. After cooling, the liquid is made up to its original 
volume and filtered. 25 c.c. of the filtrate are run into a flask together 
with 5 c.c. basic lead acetate (sp. gr, 1.184, containing 250 grm. basic 
lead acetate per 1000 c.c.) and 15 c.c. potassium hydroxide solution 
(sp. gr. 1.15s). The mixture is shaken and then boiled until the 
volume has decreased to 15 c.c. In the case of pure sumac, the concen- 
trated reddish-brown liquid is almost perfectly clear. The presence 
of an insoluble precipitate is suflScient to indicate the probability of 
adulteration. To obtain the amount of adulteration the liquid is 
diluted to 250 c.c., filtered and examined colorimetricaliy. The 
intensity of colour of pure sumac is equal to that of a solution of 0,15 
grm. of safranin in 1000 c.c. water, which may be taken as a standard 
in case a pure sumac sample is unavailable. A suitable colorimeter 
may be employed for the determination. 

Spica also furnishes the following method of determining the pres- 
ence of Pistacia lentiscus in sumac: 0.5 grm. of the sample is 
boiled in a test-tube with 5 c.c. of an 18% solution of potassium 
hydroxide. Pure sumac gives a brownish-yellow colour becoming 
paler when diluted with water. If letttiscus is present the solution 
assumes a brown colour with a violet tint and on dilution this changes 
to a chestnut brown. 

As the ash of Tamarix africana contains sulphates, their presence 
may be detected in the following manner: i grm. of the sample is 
boiled for half an hour with loo c.c. of wmter; the filtered liquid is 
acidified with nitric acid, and barium chloride is added. It is said that 
if Tamarix is present the solution will become turbid. 

F. Andreasch {Gerber^ 1898, 24, 573) gave the following method for 
the analysis of sumac containing adulterants from 8 to 60%: 
About 20 grm. of material is treated w'ith a litre of water at 60° and 
filtered. The addition of several drops of formaldehyde (40% solu- 
tion) gives a light yellow flocculent precipitate if Pistncia is present; 
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care must be taken to have the solution neutral. Arsenious acid solu- 
tion, when warmed with a solution of Pistaciay gives a white precipitate; 
mercurous nitrate gives a yellow precipitate, which gradually turns 
green. A pure sumac should give no precipitate with formaldehyde. 
Sulphurous acid and potassium cyanide give no indication with pure 
sumac; if Tamarix is present, however, sulphurous acid produces a 
white precipitate or cloudiness; and potassium cyanide gives a dirty 
yellow precipitate. Sicilian sumac should never have less than about 
22% of tannin, and not more than i8% of non- tannins. As the tannin 
in Pisiacia and Tamarix is said to range from 8 to 17% and the non- 
tannins from 20 to 26%, a sample of commercial sumac should not 
contain less than 20% of tannin and more than 20% of non-tannins. 

Myrabolans are used in blending extracts, although not so cheap a 
source as mangrove. Their presence can be detected by the Stiasny 
test (see page 8). 

Dietrich (Ber, Pharm.Ges., 1897, 7, 153), states that an alcoholic solu- 
tion of gambier {Nauclea Uncariaj Gambier)j when rendered strongly 
alka-line with sodium hydroxide gives a strong green fluorescence to 
petroleum ether when shaken with it. 

The bark of chestnut-oak (Q. prisms) exhibits a strongly blue 
fluorescence in alkaline solution. This is best seen after precipitating 
the tannin present with ammoniacal zinc solution. 

The adulteration of tannin extracts is, according to Eitner {Gerber, 
1907, 61, 700), chiefly confined to quebracho and mimosa. Chestnut- 
oak and hemlock are not often adulterated. Mangrove is used to 
adulterate quebracho. The former also sometimes is adulterated 
with grape-sugar. Mangrove is an inferior tannin material and may 
give trouble in the yard. Divi-divi and valonia extracts have been 
found to be adulterated. 
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By W. P. DREAPER, F. I. C. 


The study of the processes involved in tanning have been under- 
taken by many investigators. The many text-books on the subject 
should be consulted as well as articles by Herzog and Rosenburg 
{Jeit> Cltem. Ind. Koll&ide^ 1910, 7, 222), Procter (J.Soc, Chem. Ind.y 
1910, 29, 329), Gordon Parker {J.Soc, Chem. Ind.y 1910, 29, 912). 

The scheme of analysis of leather tanned with . vegetable tannins 
as originally suggested by von Schroeder is as follows: 

1. Sp. gr. found by the displacement of mercury in a graduated 
measuring cylinder or by Simand^s direct method {Chem. Tech. Unter- 
suchungmeUiodeny 1893, 2, 55). Mean of 94 samples (18% OHj) 
= 1.012. 

2. Moisture by drying in the air at 105°. 

3. Total ash, and ash of extract. 

4. Fat, natural and added and its properties. 

5. Organic extractive matter (tannin and non-tannin). 

6. Sugars. 

7. Nitrogen by Kjeldahl’s method, 

8. CaO and SO,. 

From the nitrogen in the dry ash-free leather the pure hide sub- 
stance is calculated as follows: 


H- 


L+NL 

Nb. 


H=dvy ash-free hide, L=dry ash-free leather substance, AT = 
nitrogen in dry ash-free leather substance. iV6= nitrogen in the dry 
ash-free hide as prepared for tanning, the % of N being constant for 
any kind of hide. The difference between and the pure leather 
substance gives the amount of combined tannin. The tanning num- 
ber D (Durchgerbungszahl) may be expressed numerically when 
combined tannin, as: 


L-H 


D=^Xioo- 


Xioo = (^~i 


_/Nb \ 

' \NL 7' 


105 



io6 


ANALYSIS OF LEATHER 


It being assumed that a complete tannage may be represented by dry 
hide substance combined with its own weight of tannin. 

This method of detailed analysis, as originally devised by von 
Schroeder, is in use in a modified form to-day. The vegetable tanned 
leather is cut into thin shavings or powdered by means of a rasping 
machine. Under modern conditions, samples are analysed for (a) 
moisture, (&) mineral ash, (c) oil, {d) water-soluble matter, (e) 
the mineral ash in {d)^ if) hide substance is deduced from the per- 
centage of nitrogen present. The “pure leather” is estimated by 
difference: 

100— [a -|-(6-c)-bc+d] = pure leather. 

From this figure the tannin substances present may be estimated by 
subtracting {/) frdm the result. The ratio tannin / hide substance is 
called the “degree of tannage” and is of practical value to the tanner 
in determining the quality of the leather, and also to the currier or 
dresser of leather. It is obvious that with such a method the question 
of the evenness of the tanning must be taken into consideration. This 
can be roughly acertained by the appearance of the section of the 
leather. It is found in practice that when a complete penetration is 
observed, and the above ratio indicates a low tannage, that this may 
generally be regarded as evidence of the use of some accelerating pro- 
cess, such as “drumming” or mechanical movement, during the tan- 
ning process, and that the tanning is correspondingly incomplete in 
its nature. In conjunction with the determination of such physical 
properties of leather as that of penetration of water, water absorption, 
tensile strength, etc., this ratio has come into general use for the estima- 
tion of its value. 

A source of error in the calculation of results, due to the fact that part 
of the mineral ash is also extracted as soluble matter in different por- 
tions taken for these estimations must be allowed for by incinerating 
the water-extracted sample and deducting this from b as indicated. 
The mineral constituents may in this way be estimated as water soluble 
and insoluble Respectively. Such an error may reduce the leather sub- 
stance found by nearly i% and correspondingly alter the “ degree of 
tannage” returned by over 2%. It has also been pointed out that the 
actual figures obtained for insoluble ash may be lower than the actual 
insoluble mineral matter present by 0.02-0.04%, owing .to certain 
alterations which take place on incineration (Parker and Paul, Soc, 
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Chem. Ind.j 1910, 29, 316), so that it may be better to estimate the 
leather substance by subtracting the weight of insoluble ' ash (with 
possibly an addition of 0.03% for the above correction) from that of 
the dry leather residue after water extraction (d). This error which 
occurred in the original method of calculation may introduce an error 
of 0.5% to 2.4% in the “degree of tannage” figures, and this error will 
be in excess at the present time owing to the much higher ash in many 
modern leathers due to the bisulphite treatment and use of extracts in 
tanning. The analyst is therefore advised to u^ the latter method of 
calculation in the place of the original method of von. Schroeder. 

No particular details are necessary in explanation of the methods 
used in (a) or (6). In the estimation of oil (c) the extraction is carried 
out with petroleum ether. The water-soluble matter is estimated in 
the fat-extracted sample (c) by washing out with warm water (50°' to 
60°) by slow percolation. Parker and Paul advise the use of certain 
refinements which are set out in the accompanying illustration (Fig. 3). 

A water-bath governed by a thermo-regulator contains a number of 
small glass vessels or inverted Procter filter bell extractors, plugged at 
the end with glass wool. The film of the water which may correspond 
with the flow of 1000 c.c. per 24 hours when 20 grm. of leather are 
used, is so arranged that it passes through a lengthened glass tube set 
in the water-bath itself so that the temperature of extraction is stand- 
ardised. In practice the latter should never exceed 55-60°, The 
following figures obtained in this way are of great interest, for they 
indicate the differences obtained in practice between the original 
method of calculation marked S and the newer method marked E 
respectively. In Table I the results obtained with pure vegetable 
tanned leathers; Table II gives results obtained when using mixed 
tannins or extracts, and Table III deals with adulterated leathers in 
commercial use. In the latter case the differences are so large that 
this figure might be of some use in determining the nature of the 
tanning. 

It is also stated ( 7 . A^ner. Leather Chem. Assoc.y 1910, 5, 426) that 
an error is obsei^'ed in the amount of water soluble matter when this is 
taken on the dried and exhausted sample at compared with that 
obtained when the original sample is tested. 

The American Leather Chemists’ Association haVe specified a pro- 
visional method of leather analysis of which the following is an 
abstract: 
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1. Preparation of Sample. — Must be reduced to as fine a state of 
division as possible by cutting or grinding. 

2. Moisture. — Dry lo grm. of leather for i6 hours at 95-100° 

3. Fats.— Extract 5-10 grm. of air-dry leather in a Soxhlet using 
petroleum ether boiling below 80°. 

4. Ash. — Incinerate 10-15 S™- ^ tared dish at a full red heat. 

5. Water-soluble Material. — Digest 30 grm. in a percolator over 
night, extract with water at 50° for 3 hours. Total volume of solution 
to be 2 litres. Determine total solids and non-tannins by official 
method for extract analysis. 

6. Glucose.— To 500 c.c. of solution obtained by extraction add 
20 c.c, of normal lead acetate, shake well, stand for i hour and filter. 
To 400 c.c. of filtrate add dry sodium carbonate and filter. Add 5 c.c 
hydrochloric add (cone.) and boil for 2 hours, allowing the solution 
to evaporate to 90 c.c. (about). Add dry sodium carbonate until 
solution is neutral (about), make up to 100 c.c., and filter if necessary. 
Take an aliquot part containing not more than 0.25 grm. of sugars, add 
to 60 c.c. of AHihn's Fehling’s solution, dilute with water to 145 c.c., 
cover with watch-glass, bring to boil, and set in a boiling water-bath 
for 30 minutes exactly. Filter through asbestos mat in Gooch cru- 
cible, wash with hot water, and finally with alcohol, dry in water oven 
for I hour, cool and weigh. Multiply weight of CuO by 0.S883 and 
calculate as giucose. 

Glucose may also be estimated in leather in the following manner: 
The water extract from the leather may be treated with calcined 
magnesium hydroxide to remove any tannin. The solution is then 
rendered alkaline with sodium hydroxide and boiled with 0.05 grm. 
of o-nitrophenylpropiolic acid. Any indigo formed is filtered off, 
washed with very dilute sulphuric acid, then with dilute alcohol and 
dissolved in chloroform. The solvent is evaporated and the indigo 
weighed, any inorganic matter in the ash being deducted from the 
weight of the same. The glucose is calculated from the weight of 
indigo found. 

7. Nitrogen.— Gunning 's modification of KjeldahFs method (A.O. 

A.C. Bull., No. 107, 1907) is used (see Vol. i, p. 59). 

Thuau and Korsak {Collegium^ 1910, 364) propose a modified 
method of estimating the nitrogen in leather: 0.25 grm. of leather and 
5 c.c. of concentrated sulphuric acid are gently boiled in a flask. A 
few centigrm. of manganese dioxide are then added and the mixture 
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boiled until it is colourless and clear. The resulting ammonium 
sulphate is estimated by decomposition by the addition of sodium 
hypobromite in the presence of excess of sodium hydroxide. Nitrogen 
is given off which is measured in a special apparatus. The analysis 
of leather in some of its details has also been considered by Veitsch 
(/. Amer, Leather Chem. Assoc.^ 1910, 5, 426). 

As Procter has specially pointed out the analysis of the ash of the 
leather is useful. The presence of chromium sesquioxide, lead, 
sulphate, tin, are the substances most likely to be found. 

The microscopical examination of the leather is important and must 
be considered by all who are interested in the examination of leathers 
from the manufacturing point of view. 

The following tables due to Parker will give some idea as to the 
composition of leathers of to-day and at the same time indicate the 
differences between the (5) older method of calculating results and (e) 
the newer one (see pages 112 to 114). These results indicate the 
average differences as well, which are also instructive in their way, 
especially in the case of adulterated leathers, and once more indicates 
the absolute need of a standardised method of analysis, as in the case 
of the tannins. 

Estimation of Free Acid. — This gives great trouble, owing to the 
small amount of acid usually present (Jean, Chem, Zeit., 1893, 317). 
If the sample gives any indication of free acid, it is extracted in a 
Soxhlet apparatus and a little sodium carbonate is added to the extract- 
ing solution in the boiling flask. It is said to under these conditions 
any free sulphuric acid is extracted from the leather, leaving any 
sulphates behind in the leather. On distilling off the alcohol, any free 
sulphuric acid therefore remains as sodium sulphate and can be esti- 
mated in the usual manner. Gordon Parker points out that it is 
difficult to get reliable results when testing the amount of sulphuric acid 
in dyed leathers, owing to the presence of sulphonic acid dyes. A 
difficulty is also found when sulphited extracts have been used. 

PHYSICAL TESTS. 

The water -penetration test consists of a cylinder made of copper 
14 in. high and 2 in. in diameter with a flange on the bottom with screw 
holes on which a second ring may be screwed with a 2-in. hole in the cen- 
tre, like a large washer. A round piece of leather is now cut about 3 in. 
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in diameter, placed on the bottom of the cylinder and by aid of the metal 
washer screwed or clamped on to the bottom of the cylinder as tightly 
as possible. The cylinder is now filled with ordinary cold water to a 
height of 12 in., fastened in a retort stand, a mirror is put underneath and 
the time is noted that the water takes to penetrate through the leather. 
The leather is always clamped in grain side upward. Tests are made 
generally in triplicate and the mean of the 3 is taken, and it is not 
sufficient to observe the time that the water takes to come through in 



one spot as there may be a flaw in the leather; the leather on removal 
is cut with a knife to see that the water has penetrated right through. 
Good sole leather generally takes about 170 to 250 hours. 

The Parker water absorption test is as follows: Several strips 
of the leather to be tested are cut i in. in width and about 6 in. long, they 
are then, by any suitable means (copper wire or otherwise), suspended 
in a beaker of water so that 1 in. of leather is in water. This may be 
marked with a pencil; the leather is then marked every 1/4 in, with 
pencil and at the end of 24 hours suspension in water, the height that 
the water has risen by absorption is noted. The tighter and more 
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compact the leather is, the less the water absorption, but a porous, 
poorly tanned leather may give an absorption of 2 in, or even 3 in. in 
24 hours. 

The above physical tests are those adopted at the Leather Sellers' 
Technical College, London, and are generally recognised in the trade 
for their efficiency and usefulness. 

The penetration of water through leather may also be tested by 
drawing 10 c.c. of water through a piece of leather of known thickness 
by means of a vacuum of known magnitude. The result is stated in 
terms of the quantity of water percolating through i c.c. of leather 
in I minute (Thuau and Korsak, Collegium^ 1910, 229), 
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DYES AND COLOURING MATTERS. 


By W. P. DREAPER, E. I. C., 

AND 

E. FEILMANN, B. Sc., F. I. C. Ph. D. 

Until the middle of the 19th century, nearly all tjie colouring matters 
used for dyeing were either such as existed ready-formed in the vege- 
table or animal kingdom, or were producible from natural products by 
very simple chemical processes. In a few cases, however, as when 
lead chromate or Prussian blue was formed as an .insoluble precipitate 
in the fibre, the dyes were strictly of artificial origin. Now, the vast 
majority of the colouring matters used as dyes-^as distinguished from 
mere paints or pigments — are products of organic synthesis, being 
in almost all cases obtained, by a series of highly involved processes, 
from coal-tar. 

Picric acid and aurin are the oldest of the coal-tar colours, but the 
coal-tar colour industry may be said to date from 1856, when Perkin 
accidentally discovered the violet dye called mauve in the course of 
an investigation having as its object the synthesis of quinine. In 1859 
Hofmann synthesised Aniline Red (magenta), and in the following 
year Verguin manufactured it in quantity. In i860, rosaniline or 
magenta first became of commercial importance, omng to the simul- 
taneous discovery of the arsenic-acid process by Medlock and Nicholson. 
Phenylated blues were first produced by Girard and DeLaire in the 
same year, but their insolubility rendered their application limited 
until Nicholson, in 1862, discovered a method of rendering them 
soluble by conversion into sulphonic acids. The first azo-dye, amino- 
azobenzene, was introduced by Simpson, Maule, and Nicholson in 
1863, under the name of Aniline Yellow, and in the same year the 
methylated and ethylated rosanilines, known as Hofmann’s Violets, 
were manufactured by the same firm. Aniline Black, also, was dis- 
covered by Lightfoot in 1863. Azo-diphenyl Blue, the first of the colour- 
mg matters now known as indulines, appeared in 1864, as also did 
dinitronaphthol or Manchester Yellow. In 1866, triamino-azobenzene 
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or Bismarck broi^Ti was first made, and in the same year Coupier’s 
nitrobenzene process of manufacturing magenta was introduced. In 
1868, Graebe and Liebermann announced their discovery of the con- 
stitution of alizarin, and in the following year this colouring matter 
was first manufactured from anthracene. Gallein and fluorescein 
were discovered in 1871, and in 1874 tetrabromo fluorescein was intro- 
duced as a dye by Caro, under the name of eosin. Diamino-azoben- 
zene or chrysoidine was introduced by Witt in 1875. Methylene Blue 
and Acid Magenta were introduced by Caro in 1877, and in the same 
year the fugitive Aniline Yellow was rendered valuable and stable by 
Grassier, by conversion into a sulphonic acid. In 1878, the tropaeo- 
lins, Fast-Red, Napht hoi -Scarlet, and other sulphonated azo-colours 
were first manufactured; and Malachite Green dates from the same 
year. In 1879, the first of the secondary azo-dyes appeared under the 
name of Biebrich Scarlet. The synthesis of indigo was effected by 
Baeyer in 1880, and indophenols were introduced by Koechlin and 
Witt in 1881. In 1883, Caro’s process of manufacturing colouring 
matters of the rosaniline group by the aid of phosgene gas was patented. 
Congo-red, the first of the numerous class of benzidine dyes, which dye 
cotton without a mordant, was patented by Bottiger in 1884, and this 
was followed in the same year by Chrysamin. In 1885, Azo-Blue and 
Benzazurin appeared, and in 1886 the Benzopurpurins were patented. 
Numerous other dyes are constantly appearing, and in many cases 
they exceed in fastness, brilliancy, or cheapness those already in the 
market. 

In 1894 Vidal patented the first sulphide dyestuffs, ol)tained by the 
action of sulphur and sodium sulphide on aromatic amino- and hydroxy- 
compounds, and in 1901 Bohn’s discovery of the production of indan- 
threne, the first of a new class of vat dyestuffs, was patented. 

CHEMICAL NATURE OF COLOURING MATTERS. 

Salts of colour-bases or phenylated ammonia derivatives, are em- 
ployed in dyeing the hydrochloride being the usual form of combina- 
tion, though the acetate, nitrate, and other compounds are employed 
in certain cases. 

In the free state, the colour-bases are usually unsoluble, colourless, 
or only slightly coloured. Most of them can be converted into sol- 
uble and colouring matters by treatment with strong sulphuric acid 
(Salts of sulphuric acids). 
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Many dystuffs are salts of colour acids which, like all acids, contain 
hydrogen in such a condition that it is readily replaceable by metals. It 
may form part of a hydroxyl group, OH, as in picric acid; of a sulphonic 
group, SO3H, as in helianthin; of an iraino group, NH, as in aurantia; 
or of a carboxyl group, COOH, as in the scarlet obtained from salicylic 
acid. Those colouring matters which owe their acid properties to the 
hydroxyl groups are very weak acids (e. g., alizarin, aurin); but the 
acid characters are considerably intensified by the introduction of 
halogen or nitro-groups. Thus the eosins and nitrophenols have 
stronger acid characters than fluorescein and phenol from which 
they are derived. The free sulphonic acids are often insoluble or 
only sparingly soluble in water, but their alkali-metal salts are soluble. 
Some of the acid colouring matters unite with metallic hydroxides 
{e. g.t those of tin, iron, chromium, aluminium) to form insoluble 
compounds called lakes. 

Of neutral dyestuffs, indigoid dyestuffs are notable examples. Pos- 
sibly the very large class of sulphide dyestuffs, the constitution of 
which is at present doubtful comes under this heading. 

RELATIONS OF COLOURING MATTERS TO FIBRES. 

While the chemist defines dyestuffs and colouring matters as acid, 
basic, or neutral, the dyer classifies them according to their behaviour 
Nvith fibres. Thus, excluding indigo, aniline black, Prussian blue, and 
a few other colouring matters such as the “ingrain” dyes which are 
produced by some chemical reaction occurring within the fibre itself, 
dyes may be classed as substantive or direct, and adjective or 
mordant. 

Substantive dyes are absorbed directly from their solutions by the 
fibre, without requiring the intervention of a mordant. The animal 
fibres (<?. g., silk and wool) possess an affinity for most of the coal-tar 
colours, and in many cases under the conditions of dyeing absorb 
them so completely that the dyebath is rendered colourless. Many 
colouring matters are taken up by animal fibres more readily from 
an acid than from a neutral bath; and in such cases the bath is 
usually acidified by sulphuric, acetic, formic, lactic, or tartaric acid. 
If sulphuric acid be used, sodium sulphate is generally added also. 
Some dyers add acid sodium sulphate as such, instead of forming it in 
the dye-bath. In wool-dyeing, sodium or magnesium sulphate is often 
added to the bath possibly to reduce the solubility of the colouring 
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matter and to obtain faster and more even colours. In some cases, 
as when wool is dyed with alkali-blue or cotton with indigo, a colour- 
less neutral substance is absorbed by the fibre, and is only converted 
into a coloured compound by a subsequent chemical action, namely, 
the liberation of the free sulphonic acid in the first case and oxidation 
to indigo-blue in the latter. 

The “ingrain colours” produced on cotton by means of primuline 
and other compounds afford a remarkable example of the building up 
of a dye within the fibre. 

Unmordanted cotton is not dyed by the ordinary basic dyestuffs or 
acid wool dyestuffs, but is dyed by the direct cotton or “salt” dye- 
stuffs which are mainly derivatives of tetrazotised benzidine and 
derivatives; it is also dyed from alkaline liquids containing reducing 
agents in presence of air, by indigo and its derivatives, and by other vat- 
dyestuffs such as indanthrene. During recent years the sulphide 
dyestuffs have come into great prominence; these dye unmordanted 
cotton from a bath containing alkaline sulphides in solution, with the 
help of atmospheric oxygen. 

Adjective Dyes. — In many cases, cotton and other vegetable fibres 
can only be dyed through the intervention of a mordant. Sometimes 
the mordant acts by forming an insoluble compound with the colouring 
matter, according to a definite chemical action; and in other cases it 
simply serves as a medium on which the colour is adsorbed. In some 
cases, colouring matters which have themselves been fixed on the 
fibre act as mordants for others. Thus the benzidine dyes may be 
employed for mordanting the basic aniline dyes on cotton. Several 
useful combinations are thus obtainable. 

The proteins resemble silk and wool in their affinity for coal-tar 
dyes, and hence albumin, etc., are employed in calico-printing. A 
solution of albumin mixed with the colouring matter is printed on 
the cotton fibre. On steaming, the albumin is coagulated and the 
colour becomes fixed. 

Tannin acts as a mordant for basic dyes, as it forms with them 
insoluble tannates.^ These compounds are soluble in acetic acid or 


1 tannates of the colour-bases may be either soluble or insoluble, acoording to the 
proi^ionau^d, the following being the quantities required to form insoluble laWs, ac- 
cording to J . Koechlin: 


Magenta 

Malachite green . . 

Parma 

Methyl green .... 


Dye 


Tannic acid 
5 
5 
5 

10 


Sodium carbonate 
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alcohol, and if the solutions thus obtained are thickened with starch 
or dextrin, and printed on cotton, the tannate becomes fixed and 
insoluble on steaming the goods. Better results are obtained by 
employing in conjunction with the tannin and colour-base a metallic 
salt (e. g.y tartar emetic, stannic chloride, lead acetate, etc.) capable 
of yielding an insoluble tannate. 

The use of oils in dyeing turkey-red is a familiar example of the 
application of oil mordants, which are generally employed in conjunc- 
tion with inorganic mordants. This class includes the so-called 
soluble oil. 

The acetates of iron (ferric), aluminium, and some other metals 
undergo decomposition when heated, with formation of free acetic 
acid and insoluble basic acetates. Hence these metallic acetates 
act as valuable mordants, especially for silk; they also become 
perfectly fixed on cotton by steaming. The thiocyanates have recently 
come into use for a similar purpose. 

Wool is usually mordanted with chromium or al nmininm compounds; 
the former are obtained by the use of alkali dichromate in conjunction 
with tartaric, sulphuric, oxalic, or lactic acid, or of chromium fluoride. 
Other salts also have been used. 

Classification of Dyes and Colouring Matters. 

The arrangement of dyes and colouring matters in groups with a 
view to their convenient description is preferably based on their 
chemical characters. In certain cases, however, the dyes defy simple 
classification, and in others a strict adherence to a system is incon- 
venient. The colouring matters still obtained from natural sources 
are also best considered together in the same section, however they 
may vary in chemical nature. 

In the following section certain dyes of these groups are considered 
individually, but the text-books which deal exhaustively with these 
dyes must be consulted if for any reason a full list is required. Before 
doing this, however, the section dealing more directly with the analysis 
of dyes may be consulted (see page 513). 

The following arrangement is that adopted in this work for the 
description of the dyes and colouring matters and the methods of 
recognising them: 

1. Nitro-, nitroso-, and isonitroso-dyestuffs. 

2. Azoxy-dyestufis. 
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3. Pyrazolone-dyestuffs. 

4. Azo-, and tetrazo-dyestuffs. 

5. Oxyketone dyestuffs. 

6. Di- and triphenylmethane dyestuffs. 

7. Pyrone, xanthone, and fluoran dyestuffs. 

8. Indamines and indophenol dyestuffs. 

9. Azine dyestuffs. 

10. Oxazine and thiazine dyestuffs. 

11. Quinoline and acridine dyestuffs. 

12. Thiazole and sulphur dyestuffs. 

13. Natural dyestuffs. 

14. Examination and analysis of dyestuffs. 

15. Examination of dyed fabrics. 

I. Nitro-, Nitroso-, and Isonitroso-colouring Matters. 

Of this class, the nitro- colouring matters are the most numerous 
and also the most important; the other two groups of this class yield 
but a few unimportant dyestuffs. 

• (a) Kitro-compounds. 

NitrO'Compounds contain one or more nitryl radicles (NO2) in 
place of the hydrogen of the original substance. They are crystalline 
compounds, usually more or less yellow in colour, only slightly soluble 
in cold water, and not soluble to any great extent in boiling water; but 
they are readily soluble in alcohol and ether, and are removed by the 
latter solvent from their acidified aqueous solutions. 

The nitrophenols and their allies have marked acid properties, 
readily decomposing metallic carbonates, and furnishing a series of 
salts all or nearly all of which are more or less soluble in water, and 
often form crystals of great beauty, ranging in colour from a pale 
yellow to a fine crimson. The salts of the nitro-phenols and their 
allies all deflagrate with greater or less facility when ignited, and many 
of them detonate on percussion, the more highly nitrated compounds 
(e. g., the picrates) exploding with considerable violence. 

In cases where the nitro-compound is the product of a limited nitra- 
tion, it may be converted into the corresponding sulphonic acid by 
strong sulphuric acid; but this is not possible when, as in the case of 
picric acid, the number of nitro-groups in the molecule is the max- 
imum. With the exception of Flavaurin, Naphthol Yellow S, and 
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Schoellkopf Brilliant Yellow, none of these dyestuffs are sulphonated 
compounds. The sulphonic acids of the nitro-colouring matters are 
stable substances, readily soluble in water. The nitro-colouring 
matters as a class dye wool and silk yellow or orange, but have no 
affinity for cotton. Their acid characters are well marked and stronger 
than those of the phenolic compounds from which they are derived. 
They dissolve in concentrated sulphuric acid to form yellow or colour- 
less solutions. Strong reducing agents, such as stannous chloride and 
hydrochloric add, convert them into the colourless amino-derivatives. 
Phosphine is turned yellow by ammonia and is extracted from its 
alkaline aqueous solutions on agitation with ether, but the nitro-com- 
pounds are not dissolved by ether under similar conditions. In pres- 
ence of dilute sulphuric add in excess, the simple nitro-dyes (e.g., pic- 
ric acid, dinitrocresol, dinitronaphthol, and aurantia) are extracted 
by ether, but the sulphonic acids (c. g., Naphthol Yellow S) are not dis- 
solved, in this respect resembling the sulphonated yellow azo-dyes. 

The nitro-colouTs are sold in the form of their alkali salts; picric 
add, however, is an exception, being sold in the free state owing to the 
explosive nature of the picrates. 

The nitro-dyestuffs produce yellow to orange yellow colours when 
dyed on the animal fibres; they have no application in cotton dyeing. 
As a class their use is gradually decreasing, although the Naphthol 
Yellows and Brilliant Yellow still appear to maintain a certain 
prestige. 
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The following sections contain detailed descriptions of the principal 
nitro-colouring matters. 

Picric Acid* — 2:4:6 — Trinitrophenol. Trinitrophenol. 

C.H,N30,=C.H,<Ofo,)3. 

Picric acid is fully dealt with in Vol. 3 under Explosives. The 
following information may be regarded as supplementary to that given 
in Vol. 3. 

Solubility. — J. Bougnault (/, Soc. Chem. Ind.y 1903, 22, 1019; J. 
Pharm. Chim.y 1 16) states that picric add is not very soluble in dry 
ether, though in moist ether its solubility is greater. Ether of sp. 
gr. 0.721, dried over calcium chloride, dissolved 10.8 grm. of picric 
per litre at 13°, while a sample of sp. gr. 0.725, containing 0.8% of 
water, dissolved 36.8 grm. per litre, and one containing 1% of water 
40 grm. per litre. The solution in dry ether is practically colourless. 

Detection. — According to H. Svoboda {Zeit, Anal. Chem. 1897, 36, 
513) a cold aqueous solution of picric add gives with Methylene Blue 
solution a fiocculent violet precipitate soluble in ether, chloroform and 
hot water to solutions the colour of which varies from blue to green. 
On evaporating the chloroform solution to dryness a violet residue is 
obtained. 


Estimation of Picric Acid. 

In addition to the method of titration given in Vol, 3, free picric acid 
may also be titrated by taking advantage of its power of liberating 
iodine from a solution containing potassium iodide and iodate; in this 
respect it acts as a monobasic acid and each c.c. of N/10 thiosulphate 
solution is equivalent to 0.0229 grm. of picric acid. The liberated 
iodine is titrated in the usual manner with thiosulphate solution, using 
starch paste as indicator; the picric acid in picrates may be estimated 
by acidifying with hydrochloric acid, extracting with benzene, evapo- 
rating the extract and dissolving the residue in water; this solution is 
then titrated as above (E. Feder, Analyst^ 1906, 31, 368). 

M. Busch and G. Blume {Z, angew. Chem., 1908, 21, 354) estimate 
picric acid by means of Nitron, the well-known quantitative reagent 
for nitrates, 1.4-diphenyi, 3,5-endaniIo(lihydrotriazoIe, 

/NPh\ 

CH— NPh.N-C 
\NPh/ 
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Nitron picrate is practically insoluble in water. About 150 c.c, of a 
solution of the substance containing not more than i grm. of picric 
acid per litre, are acidified with i to 2 c.c. of dilute sulphuric acid, 
heated to boiling and treated with 10 c.c. of a 10% solution of nitron 
in 5% acetic acid. The reagent is added slowly. After cooling the 
lemon-yellow needles of nitron picrate are collected in a Neubauer 
crucible, washed with 50-100 c.c. of cold water, and dried for i hour 
at 100^ Equal molecules of the nitron and picric acids are com- 
bined in the precipitate and the weight obtained must therefore be 

multiplied by — in order to convert it into weight of picric acid. 

S4I 

When necessary alcohol may be used for solution. In presence of 
hydrobromic, hydriodic, chloric, perchloric, nitrous, nitric or chromic 
acids the method is inapplicable. 

Nitrosamine Red^ (see Table, p. 122). 

Nitrosamine red comes into commerce in the forms of a yellow paste, 
which forms a yellow solution with water. On the addition of acids 
to the aqueous solution the free p-nitrophenyl nitrosamine is precipi- 
tated. The latter is gradually converted by an excess of acid into a 
salt of a di azo-derivative of n it ro- benzene. Nitrosamine red is dyed on 
cotton with / 5 -naphthol, giving brilliant red shades (Paranitraniline 
Red) and much used in practice. 

The Mikado golden yellows or Direct Yellows are condensation 
products of p-nitrotoluenesulphonic acid. They occur in the form 
of yellow powders, yielding a yellow solution in water, and are insoluble 
in alcohol. The addition of sodium hydroxide to the aqueous solu- 
tions produces a yellow precipitate, whereas hydrochloric acid gives 
a brown colour. Strong sulphuric acid dissolves the dyestuff with an 
orange colour, which changes to yellow on dilution with water. These 
dyestuffs yield satisfactory colours on cotton, which they dye directly. 
The shades produced are very bright yellows which possess good fast- 
ness to washing, acids and alkalies, and are fairly fast to light. These 
dyestuffs may also be employed for dyeing animal fibres, being dyed 
from a neutral or slightly acid bath. The shades produced are fast 
to washing but are considerably altered by both acids and alkalies. 

1894, 27, 514, 



CLASSIFICATION OF DYES AND COLOURING MATTERS. I25 

Nitronaphthols. 

The two modifications of napbthol, C^oHyOH, yield on nitration 
compounds analogous to those obtained by similar means from phenol 
and cresol (see also Vol. 3). The dinitro-derivative of a-naphthol 
is the most important. 

2 : 4 -Dmitroalphanaphthol, CioH5(N02)2-OH. 

Dinitronaphthol forms yellow needles, melting at 138°, and some- 
what readily volatile. It is nearly insoluble in water, but soluble in 
alcohol and ether. It closely resembles picric acid, and forms a series 
of beautiful and well-crystallised salts yielding golden yellow solutions, 
which are decolourised by hydrochloric acid, a yellowish- white precipi- 
tate of the free nitronaphthol being produced, soluble in either. 
Ammonia is without action. Potassium and sodium hydroxides 
produce orange-red precipitates in strong solutions. Potassium cya- 
nide and ammonium sulphide react as with picric acid. 

The sodium salt of dinitronaphthol forms readily soluble glistening 
needles containing CioH5(N02)2.0Na-fH20, and deflagrates when 
heated. The ammonium salt bums quietly when heated, and is solu- 
ble in alcohol. The calcium salt forms yellow sh- red crystals of the 
formula [C jgHg (N 02)20]2Ca -1- 6H2 0 . 

The potassium, sodium, ammonium, and calcium salts of dinitro- 
naphthol have been extensively employed as colouring matters under 
the name of 

Naphthoi Yellow; Manchester Yellow; Naphthyla.mine Yel- 
low; Martius' Yellow; Gold Yellow. This dyestuff occurs as 
an orange powder or crystals only sparingly soluble in water, though 
readily soluble in alcohol. On the addition of hydrochloric acid to 
the aqueous solution dinitroalphanaphthol is liberated as a light yel- 
low precipitate. Sulphuric acid gives a yellow solution in which a 
light yellow precipitate is formed on dilution with water. In an acid 
bath this substance dyes silk and wool (but not cotton) a brilliant 
yellow colour, free from the greenish reflection peculiar to fabrics 
dyed with picric acid. Owing to the volatile nature of dinitro- 
naphthol (which is liberated by the acid of the bath), the colour marks 
and rubs off, and hence the employment of Naphthoi yellow as a dye 
has diminished. 
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Naphthol Yellow is occasionally adulterated with dextrin and 
sodium sulphate^ the proportion of the latter admixture sometimes 
reaching 50%. It is sometimes adulterated with picric acid, to 
detect which a sample should be dissolved in water, the cold solution 
acidified freely with hydrochloric acid, and the liquid filtered. If 
picric acid be present the filtrate will have a marked yellow colour, 
and the acid can be obtained in crystals by evaporation. 

Naphthol Yellow may be distinguished from picric acid by boiling 
wool in the acidified solution, washing it, heating it with cupram- 
monium sulphate, and again washing. When a fibre or fabric dyed 
with picric acid is boiled with the afiaraoniacal copper solution it 
turns bluish-green, but if Naphthol Yellow has been used an olive- 
green tint results. 

When a material dyed with Naphthol Yellow is wrapped in white 
paper and heated to 120° in an air-bath, part of the yellow colour is 
transferred to the paper. Hot water or hot dilute ammonia dissolves 
out the colouring matter, and the yellow solution is decolourised by 
hydrochloric acid, a yellow-white precipitate being produced (distinc- 
tion from picric acid). 

Naphthol Yellow has sometimes been employed for colouring 
butter, cheese, macaroni, mustard, saffron, etc., for which applications 
its marked poisonous characters render it very unfit.* The detection 
of butter-colours will be described under *‘Annatto” (see also p. 624). 

Martins’ yellow when used in foods taken into the stomach may 
be detected in the urine by the following methods: 

1. The urine slightly acidified with hydrochloric acid is shaken up 
with ether. A portion of the ethereal layer is shaken with potassium 
hydroxide solution. The alkaline liquid is acidified with hydrochloric 
acid and warmed with some strands of white wool free from fat and 
mordanted with alum. The wool is coloured yellow in the presence 
of as little as 0.000001 grm. of the dyestuff. 

2. A portion of the ethereal solution is evaporated to dryness, and a 
drop of potassium cyanide solution is added to the residue, when a 
red colouration is obtained. 


Comparatively small doses of Naphthol Yelbw are said to cause asthmatic breathing, 
a consid^ble nse of temperature (without convulsions), and ultimately death (Caseneuve 
and Lepine, Comp, rend , 1885. 1167). According to Weyl (Ber., 1888, ai, 1191), Martins' 
yellow 18 well tolerated by rabbits, but small doses proved latal to dogs. A dog weighing 
0850 grm,, to which a dose o£ 0,5 grm. of dinitronaphtbol was given on a successive days, 
and I grm. the wdium salt on the third day, died on the fourth day. Less than i grm. 

? vw subcutanTOusly caused the death of a similar dog. On the other hand, Naphthol 
eilow b proved innocuous to dogs in 4 times these amounts. 
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3. Another portion of the residue by evaporation of the ethereal 
solution is mixed with potassium bisulphate, heated to redness in a 
glass tube, and Ihe residue dissolved in water. A paper moistened 
with Guess’s reagent and placed in the solution is coloured violet. 

4. A solution of Martius’ yellow, or urine containing it, gives 
with cobalt chloride and a little sodium hydroxide, a fine green 
pigment. 

5. With stannous chloride and a trace of ammonia, Martius’ yellow 
gives a white precipitate, which becomes rose-red on subsequent 
treatment with ammonia. 

For the recognition of Martius’ yellow in the stomach, intestines, 
etc., these are finely cut up, acidified slightly with hydrochloric add, 
and digested for some hours at 4o'^-5o° with absolute alcohol. The 
liquid is filtered, evaporated at a low temperature, made alkaline with 
potassium hydroxide, filtered, addified with hydrochloric acid, and 
shaken out with ether, which solution is then examined as above. 


2 : 4-Nitronaphthol-sulphonic Acids. 

When a-naphthol is warmed with excess of fuming sulphuric acid it 
yields a trisulphonic acid, which on subsequent treatment with strong 
nitric add yields, on cooling, crystals of 
2 : 4 -Dinitro-a-naphthol-sulpliomc acid, Cj(,H^(S03H)(N02)2- 
OH. The product is purified by recrystallisation. It forms long yellow 
needles, readily soluble in warm water, but insoluble in ether. These 
characters distinguish it from picric acid, dinitro-naphthol, etc. Its 
salts are easily crystallisable, said to be non-poisonous, and dye wool 
and silk (but not cotton) a bright yellow colour, which is fast to 
light, non-volatile, and does not mark or rub off. For these reasons 
the salts have replaced picric acid and the dinitro-naphtholates. 

Potassium dinitro-a-naphthol-sulphonate,CioH4{S03K)(N02) 2- 

OK, forms as an orange-yellow precipitate on mixing a strong solution 
of the free acid with one of potassium sulphate. It is sparingly soluble 
in cold, but readily in hot water. By boiling it with strong hydro- 
chloric acid the free add, or, according to some, a sdi^ C,oHr 
(S0 sK)(N 02)20H, is formed. 

The sodium and ammonium salts of dinitronaphthol-sulphonic 
acid are freely soluble, but the barium and lead salts only sparingly so. 

The salts of dinitronaphthol-sulphonic acid are yellow or orange. 
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On heating, they swell up and emit sparks, but do not deflagrate. The 
solutions are yellow or brownish-yellow, becoming pale yellow on 
adding hydrochloric acid, but no precipitate is produced, and the diluted 
acid liquid is not decolourised by agitation with ether. (Distinction 
from picric acid, etc.) With sodium hydroxide an orange-yellow 
precipitate is formed, soluble on warming. In strong sulphuric acid 
the dinitronaphthol-sulphonates dissolve with pale yellow colour. In 
other reactions they resemble Manchester yellow, but do not volatilise 
or colour their paper envelope at 120°. 

Naphthol yellows ; Citronin;^ Acid Yellow S; Brilliant Yellow, 
etc., are names given to the potassium, sodium, ammonium, and cal- 
cium salts of dinitronaphthol-sul phonic acid. The free acid is also 
met with under the name of ‘‘Naphthol Yellow” (Levinstein). 

Commercial Naphthol Yellow S varies much in character. Some 
qualities are practically pure, while others contain sodium sulphate 
and chloride in notable quantity. C. Rawson (/. Soc. Dyers, 1888, 4, 82) 
has proposed a method of assay depending on the precipitation of the 
colouring matter by a solution of Night Blue, which is made by dissolv- 
ing 10 grm. in 50 c.c. of glacial acetic acid, and diluting the liquid to 
I litre. The Naphthol Yellow is used as a solution containing i grm. 
per litre. The latter solution is added to 10 c.c. of the former until on 
filtration of a portion of the liquid it is found to have a faint yellow 
colour. The method is similar to that described for the determination 
of picric acid. Two molecules of Night Blue react with one of 
Naphthol Yellow. 

Naphthol Yellow S may be adulterated with the cheaper Naphthol 
Yellow, and the latter may be detected by adding hydrochloric acid 
to the aqueous solution; Naphthol Yellow is precipitated or the solution 
becomes milky; whereas a solution of pure Naphthol Yellow S remains 
clear. If the dry colour is treated with ether, Naphthol Yellow S will 
not colour the liquid even on addition of sodium hydroxide, while 
Naphthol Yellow colours the ether yellow and remains yellow on 
addition of sodium carbonate. 

Nitro-diphenylamines. 

On treating diphenyl amine with nitric acid it readily yields nitro- 
substitution products. The tetranitro-derivative,.[CeHj(N02)2l2NH, 

The tame citronin is used both for Naphthol Yellow S and the product obtained by acting 
wita nitnc acid on diphenylaminc, also for the azo-dye called azoilavin* 
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mixed with a little of the dinitro-product, forms the colouring matter 
known as “Citronin.” On warming diphenylamine or methyl- 
diphenylamine with nitric acid, it yields hexanitro-diphenylamine, a 
substance of strongly acid character, m, p. 238°, the ammonium salt of 
which constitutes the “aurantia” of commerce. 

Aurantia, or Imperial yellow [C^Hj (N02)3]2.N(Na), forms a 
reddish-yeHow crystalline powder, or brownish-red crystals which 
decrepitate on heating and sometimes deflagrate slightly. Aurantia 
is easily soluble in water forming a solution which is red when concen- 
trated, but yellow when diluted. On addition of hydrochloric acid, 
the aqueous solution yields a sulphur-yellow flocculent precipitate of 
free hexanitro-diphenylamine, and on filtering a nearly colourless 
liquid is obtained. The precipitate dissolves on agitation with ether. 
An acid solution of stannous chloride also precipitates the free acid, 
but the yellow precipitate becomes dark brown on boiling. Copper 
salts alsi^tum the solution of Aurantia brown. Solutions of Aurantia 
are darkened or reddened by alkali hydroxides, and if concentrated a 
dark red precipitate is produced. Sohd Aurantia is not changed in 
colour by strong sulphuric acid. 

Aurantia does not appear to be entirely harmless in its physiological 
action, as even dilute solutions of the dyestuffs produce painful blisters 
on the skin. There seems to be an isomeric hexanitrodiphenylamine 
which is harmless. 

On the fibre, hydrochloric acid turns the colour due to aurantia a 
lighter yellow. Ammonia and sodium hydroxide produce but little 
change. The dark brown colouration produced on warming with 
stannous chloride is the most characteristic reaction of aurantia. 

Aurantia has been almost completely replaced by the azo-cofours. 


(b) Nitroso- and Isonitroso-colouring Matters. 

By treating an aqueous solution of phenol with potassium nitrite 
and acetic acid, a compound is formed which was formerly supposed 
to be nitroso-phenol, CgH^(NO).OH, but which also behaves as the 
isodynamic quinoneoxime, CaH^.O(NOH). 

The o-quinoneoximes dye on metallic mordants, while the other 
^uinoneoximes do no? These colours are permanently decolourised 
by the action of reducing agents, aminophenols being formed. The 
VoL. v.-~y 
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nitroso-compounds are dyed almost exclusively on iron mordants, 
invariably giving green shades with this metal which are notable for 
their great fastness to light. Brown shades are obtained by the use of 
cobalt mordants. 

The following table shows the nitroso- and iso-nitroso-colours: 
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Dinitrosoresorcinol, CflH202(N0H)2.— This compound, which 
forms the commercial colouring matter known as Resorcin Green or 
Solid Green, is obtained in a maimer similar to quinoneoxime, substi- 
tuting resorcinol for phenol. It forms j^ellowish-brown or green plates, 
or a greyish-brown powder. The commercial product is sold as a dark 
grey paste, as the dry powder is said to be explosive. It dissolves with 
difficulty in cold water, but readily in hot.> It deflagrates slightly when 
heated to 115°. Dinitrosoresorcnol has acid characteristics. It decom- 
poses carbonates and to some extent acetates, and forms a series of 
alkali-metal salts, of which the AormaJ are soluble, and the add salts, 
of the type C5H202(N0H)(N0Na), are sparingly soluble, green, 
crystalline powders. 

By the action of resorcinol and sulphuric acid on dinitrosoresorcinol, 
Azoresorufin is formed, a substance which is analogous with the Lieber- 
mann ’s dye-stuff obtained in a similar manner from phenol. 

Naphthol Green B is the sodimn-ferrous salt of a nitroso-^-naphthol- 
sulphonic acid. It forms a dark green powder, which leaves, on 
ignition, a residue containing iron and sulphides. The colouring 
matter dissolves in water with yellowish-green colouration, the solution 
being unchanged by hydrochloric acid, but rendered bluish-green by 
alkalies. In concentrated sulphuric acid, Naphthol Green dissolves 
with a yellowish -brown colour, the solution becoming yellow on dilu- 
tion, and then giving a blue colouration or precipitate both with ferro- 
and ferricyanides. 

Gambin Y, a-nitroso -^-naphthol, is an olive-green paste, slightly 
soluble in water with a yellow colour, the solution remaining unaltered 
by hydrochloric add; sodium hydroxide produces a greenish- 
yellow fluorescence. It is soluble in alcohol, giving an orange solution. 
In concentrated sulphuric acid it dissolves to a dark brown solution 
which gives a floccuient precipitate on dilution with water. 

Gambin R, ^-nitroso-a-naphthol is isomeric with the above. 

Dioxin is produced by the action of nitrous acid on (2 : 7) dihydroxy- 
naphthalene. It is a reddish-brown paste, very sparingly soluble in 
water, but dissolving in sodium hydroxide solution with an intense 
brown colour; also soluble in alcohol, giving an orange solution. With 
concentrated sulphuric acid a green solution is obtained, which yields a 
red precipitate on dilution with water. 
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2. Azoxy-colouring Matters. 

Sun Yellow.— Curcumin S. 

This dyestuff is also sold under the names of Jaune Soleil and Maize, 
and has the formula: 


CH - CH 



It is, therefore, the sodium salt of azoxy-stilbenedisul phonic acid. 

Curcumin S is produced by the action of sodium hydroxide on 
^-nitrotoluenesulphonic acid. It is a brown powder soluble in water, 
giving a brownish-yellow solution. With sulphuric acid it gives a 
violet solution which changes to yellow on dilution with water. Hydro- 
chloric acid gives a brown precipitate from the aqueous solution; 
sodium hydroxide an orange precipitate. 

Direct Yellow G is the sodium salt of dinitrosostilbenedisulphonic 
acid. 

It is a brown powder, soluble in water with an orange colour. The 
addition of sodium hydroxide to the aqueous solution produces a 
yellow precipitate, as also does hydrochloric acid. It dissolves in 
strong sulphuric add with a red colour, which changes to yellow on 
dilution with water. 

Mikado Oranges, G, R, 2 R, 3 R, 4 R, and 5 R, and Mikado Yel- 
low are prepared by boiling ^-nitrotoluene-sulphonic acid with alka- 
lies in the presence of certain reducing agents, such as glucose. They 
occur as orange powders, soluble in water giving an orange solution. 
On the addition of hydrochloric acid to the aqueous solution a brown 
predpitate is produced; sodium hydroxide gives a yellow precipitate. 
Strong sulphuric add dissolves the dyestuff to a blue solution, which 
gives a brown precipitate on dilution with water. 

Mikado Brown, B, 3 GO and M, are dyestuffs produced in a 
similar manner to the above. They are brown powders, giving a 
brown solution in water. Sodium hydroxide with the aqueous solution 
produces but a very slight precipitate; hydrochloric acid gives a brown 
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precipitate. Strong siilphuric acid dissolves the dyestuff to a dark 
red solution, which gives a brown precipitate on dilution with water. 

3, Pyrazolone Colouring Matters. 

Tartrazin is prepared by the action in alkaline solution of phenyl- 
hydrazine-sulphonic acid on dihydroxytartaric acid. According to 
Nietzki, tartrazin has the following constitution: 

Cfl, 

N 

/\ 

N CO 

II I 

HOOC— C — C.=N.NH.C,H5 

being a derivative of pyrazolone. It forms an orange-yellow powder, 
soluble in hot water to a golden-yellow solution, which if con- 
centrated deposits a yellow precipitate on cooling. On adding 
alcohol to the concentrated aqueous solution a crystalline pre- 
cipitate is obtained. The solution is not changed by dilute acids, 
but becomes reddish on adding sodium hydroxide. Stannous chloride 
produces a yellow precipitate, soluble in oxalic add. Barium chloride 
gives a yellow precipitate, but calcium chloride occasions no change. 
Concentrated sulphuric acid dissolves the solid dye with a yellow 
colour, which is unchanged on dilution. Tartrazin predpitates the 
coal-tar bases very completely,^ and dyes wool yellow in an add bath. 
This is the only dye of this class which has come into use. 

4. Azo- and Tetrazo-colouring Matters. 

The azo-compounds in general are add-dyeing colours and are 
produced by combining diazotised aromatic amines and their sulphonic 
acids with aromatic amines or phenols and their sulphonic acids. 

Diazobenzene chloride solution is prepared by slowly adding the 
calculated quantity of sodium nitrite solution to a solution of aniline 
hydrochloride containing at least 1.5 equivalents of free hydrochloric 


' W. R. Richardson, Jour. Soc. Dyers and Col., 1887, 3. a. 
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acid, and kept at a temperature of about 4° by the addition of ice. 
The action is finished when the presence of excess of nitrous acid, as 
shown by the blue colour produced by the liquid on starch-iodide 
paper, persists for 2 or 3 minutes. This test is commonly used 
for the titration of aniline oil and salt, and a standardized diazobenzene 
solution produced in this way may be employed for the titration of 
amines and phenols which are used in the production of azo-dyestuffs. 
Diazobenzene solution is unstable and rapidly decomposes at the at- 
mospheric temperature. 


/>-Diazobenzene-sulphonic Acid, 




Diazosulph- 


anilic add. This substance is not well named, as it is really the 
anhydride of the true sulphonic acid, CsH4(SO3H).N2.0H. The 
diazosulphonic acid forms white crystals, insoluble in cold water but 
readily soluble at 6o°-7o°. It is decomposed by water at a higher 
temperature, with formation of para-phenolsulphonic add, while boil- 
ing alcohol converts it into benzene- sulphonic acid, CgHj-SOgH, 

Caution should be used in handling the dry substance as it occasion- 
ally explodes violently through quite inconsiderable causes, such as 
attempts to break up the crystals with a glass rod. 

Aniline Yellow, CgH5.N2.CeH,.NH2,HCl, also called Spint-Yellmv, 
is the hydrochloride of amino-azobenzene, and can be obtained by 
mixing dilute aqueous solutions of diazobenzene chloride and aniline. 
In the pure state it forms bluish-violet, lustrous needles, dissolving in 
water with a yellow colour which is turned to a fine red by acids. In 
strong sulphuric acid it dissolves with a brown colour, becoming red 
on dilution. On heating the aqueous solution of aniline yellow, the 
free base is precipitated. Free amino- azobenzene is also completely 
precipitated from its salts by ammonia, and may then be taken up by 
agitation with ether. In the pure state it forms yellow crystals, which 
melt at 120^^ and volatilise unchanged. It is insoluble in water, but 
soluble in alcohol. From acid solutions it dyes silk red, the salt itself 
being taken up, but on washing with water the salt is decomposed and 
the base imparts a yellow colour to the fibre. Aniline yellow is not 
fast, and easily volatilises when the fibre is steamed. Hence it is not 
now used as a dye, but forms the starting-point in the manufacture of 
other aniline colours and of indulines. 


Chrysoidine, C6H5.N2.CgH3(NHj)3.HCl, is the hydrochloride of 
diamino-azobenzene. It is formed when an aqueous solution 
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of metaphenylenediamine is poured into a very dilute solution of 
diazobenzene chloride. It usually occurs in the form of a reddish- 
brown crystalline powder, or blackish-green or dark violet crystals 
having a metallic reflex. It is soluble in boiling water and absolute 
alcohol. The hot concentrated solution forms a gelatinous blood-red 
mass on cooling. The brown or orange-coloured aqueous solution is 
turned red by excess of hydrochloric acid, dyes wool orange-yellow, 
and gives with alkalies a bright yellow precipitate of the free base, 
m. p. nnd slightly soluble in water, readily in alcohol and ether. 

Strong sulphuric acid dissolves chrysoldine with reddish-brown or 
orange colour, which turns almost scarlet on heating (distinction from 
phosphine) and cherry-red on dilution. 

Dimethyl-amino-azobenzene, some- 

times called Butter Yellow y is the dimethyl-derivative of Aniline Yellow. 
When pure, it crystallises in small yellow plates, m. p. 115°, and its 
hydrochloride forms long, slender purple-red needles. It is insoluble in 
water, but dissolves with red colouration in hydrochloric acid, from 
which sodium hydroxide throws down an orange-yellow precipitate of 
the base; soluble in strong sulphuric add with a yellow colour, turning 
red on dilution. Its alcoholic solution has been recommended by B. 
Fischer {Anatysty 1885, 10, 152) as an indicator in alkalimetry, in pre- 
ference to methyl orange, which is the ammonium salt of its sulphonic 
acid. It is chiefly used for colouring butter and oils. 


Hydroxy-azo-compounds. 

m-Dihydroxy-azobenzene, or resorcinol-azo-benzene, CeHj.- 
This substance forms red needles, m. p, and 

is readily soluble in alcohol. In commerce it occurs as a brown powder 
under the name of Soudan G, It is slightly soluble in hot water, with 
yellow colour, the solution giving a bright brown precipitate with 
hydrochloric. add. In alkalies it is soluble with brown colour, and with 
concentrated sulphuric add it yields a yellowish-brown solution, giving 
a brown precipitate on dilution. It has been used for colouring 
oils and varnishes. 

The acid potassium and sodium salts of the sulphonic acid of resor- 
dnol-azobenzene occur in commerce under the name of Chyrsoint 
TropcRolin O or Ry etc. 
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^-Kaphthol-azo-benzene, C0H5.N3.C1oHg.OH/?. Under the name 
of Soudan /, it enters into commerce as a brick-red powder, insoluble in 
water, but soluble in alcohol with yellow colour. Concentrated sul- 
phuric acid dissolves it with magenta-red colour; and on dilution the 
solution gives an orange-yellow precipitate. It is chiefly employed 
for colouring oils and varnishes. 

The sodium salt of the corresponding sulphonic acid forms the colour- 
ing matter known as Crocein Orange or Ponceau 4 BG. 

Soudan II is homologous wth Soudan I.^ It is also called Red 
and is used for colouring oils and varnishes. It is insoluble in water, 
but soluble in alcohol with an orange colour. It dissolves in concen- 
trated sulphuric add to a magenta-red solution, which gives a pale 
yellow precipitate on dilution with water. 

a-Naphthol-azo-naphthalene, CjoHj.Nj.CjgHg.OHa, occurs in 
commerce imder the name of Soudan Bfown or Pigment Brawn. It is 
an insoluble brown powder, dissolving sparingly in dilute alkalies. In 
concentrated sulphuric acid it dissolves with blue colouration, a brown 
precipitate being produced on dilution with water. It is soluble in 
alcohol, and is used for colouring soaps and oils. 

Azarin Sis a compound of dichlorphenolazo-^-naphthol with ammo- 
nium bisulphite. It is a yellow paste, smelling of sulphurous acid; 
it dissolves sparingly in water with a yellow colour, the solution giving 
with sodium hydroxide a violet precipitate, and with hydrochloric acid 
an orange predpitate. The dye dissolves in strong sulphuric acid 
with a magenta red colour, the solution giving a brown precipitate on 
dilution with water. It has been chiefly employed in calico-printing, 
and its shades are very fast to soap and fairly so to light. 


Sulphonated Azo>cpmpounds. 


The amino- and hydroxy- derivatives of azobenzene and its analogues 
have marked dyeing properties, but owing to their slight solubility in 
water it is found convenient to sulphonate them. This is effected by 
treatment with fuming sulphuric acid; or, instead of sulphonating 
after diazotising, the aniline or other amine is first sulphonated and 
then diazotised, and the diazo- sulphonic acid formed is then caused to 

J Soudan III is the commercial name ot a colouring matter of the tetrazo-claas (see 
page ]63). 
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react with other amines or phenols, according to the character of 
the dye required. In this manner siilphanilic acid, CqH 4(S03H).- 
NH2 (i: 4)^ and naphthionic acid, CioHg.SOgH.NHJi : 4], form the 
starting-points of important series of azo-colouring matters. When 
diazotised, these two compounds are converted respectively into dl- 
azobenzene sulphonic acid and diazonaphthalene-sul phonic acid. By 
the action of the former of these on aniline, Acid Yellow is obtained, 
while with dimethyl-aniline Helianthin is the product. With phenol 
in alkaline solution, the sodiun\ salt of phenyl-diazobenzene-sulphonic 
acid is obtained, known commercially as T ropceoHn Y; with resorcinol 
the analogous Chryscdn or Tropceolin O results; a-naphthol gives 
Poirrier’s Orange /, or Tropmolin 000 No, i; while ^-naphthol yields 
Poirrier’s Orange II or Mandarin, 

In the case of the foregoing colours it is always the amine which is 
sulphonated. On the other hand, if the phenol be first sulphonated, 
and then caused to act on a diazotised chloride, substances are obtained 
which are isomeric with the former, but possess very different colouring 
and other properties. Crocein Orange is a dye of this class. 

Tropsolins. Yellow and Orange Sulphonated Azo-dyes. 

When diazobenzene-sulphonic acid acts on amines or alkaline 
solutions of phenols, a series of colouring matters are obtained, ranging 
from yellow to deep orange, and called Tropaeolins. They usually 
occur in commerce as sodium salts, and are distinguished according to 
their shades, Tropaeolin Y being the most yellow, and then O, 00, 
and so on, as the shade becomes redder.^ The shade of colour 
becomes redder by the substitution of toluene, xylene, or cumene {or 
benzene, and hence some of the higher homologues are considered 
in the section on ‘'azo-reds.” 

The following is a List of a few of the yellow and orange dyes of this 
class o{ commercial importance: 

* See Vol. 6. 

* A valuable paper by O. Muhlhiuser, on the manufacture of the orange azo-dyes, will 
be found in the Dingl. Polyp, J., 1884, 4. 
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Commercial 

name 

Chemical 
name or 
nature 

Formula 

Remarks 

Amino-Aso- 

Dyes 

Acid Yellow. 
Fast Yellow. 
Acid Yellow G. 
Fast Yellow G. 
Fast Yellow 
extra. 

New Yellow L. 
Jaune Acide, 

Vlixture of 
sodium ami- 
noazobenzene 
disulphona t e 
with sodium 
amino-azo- 
benzene 
mono-sulpho- 
nate. 

.... 

1 J 1 JsOjNa 

SOsNa NH* 



Fast Yellow R. 
Fast Yellow. 
YeUow W. 

Sodium salt 
of aminoazo- 
toluene disul- 
phonic acid. 

/ ^CHa / VHj 

l^JsOjNa 

SOjNa 



Helianthin. 
Methyl Orange 
Poinier’s 
Orange III. 
Dimetlwlani- 
line Orange. 
Trop$olin D. 

Sodium salt 
of parasul- 
phobenze n e- 
azodimethy 1- 
aniline. 

u 0 

SOjNa N(CH 3)2 

i 



D i p h e n y 1 a- 
mine Orange. 
Orange IV. 
Tropaeolin 00. 
Orange M. 
Fast Yellow. 
Orange GS. 

New Yellow. < 
Ocange W, 

Acid Yellow 
D.> 

■K or Na salt 
of diphenyl- 
am i n e-a z 0 - 
benzene-para- 
s u Iphonic 
acid. 

SOiNa NH.CiHj 



Metanil Yel- 
low.* 

Orange MN. 
Tropaeolin G. 

N a sa 1 1 of 
diphenyl- 
am i n e-a z 0 - 
benzene- 
meta- sulpho- 
nic acid, 

! 

j SOjNa 

NH.C«H» 



Fast Yellow N. 
Curcumein. 
Yellow 00. 

Na salt of di- 
phenylamine- 
a z 0 - toluene- 
sulphonic 
acid. 

l^SOiNa IJ 

CHa NH.CaHs 

Two 

isomers 

occur. 


• Brilliant yitlaw S is the sodium sulphonate of Orange IV. 

* The sulphonic add of Metanil Yellow is known as Mftanil YtlUn/ S. 
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Commercial 

name 

Chemical 
name or 
nature 

Formula 

RemarliS 

Atnino-Axo- 

Dyes. 

Azoflavine. 

Azo Yellow. 
Azo Add Yel- 
low, 

Indian Yel- 
low.^ 

A mixture of 
nitro'deriva • 
tives of di- 
phenylamine. 



Hydroxy-Aeo- 

Dyes. 

TropseoHn R 
or 0.* 

Rescorcin Yel- 
low. 

Chrysoin. 
Chryseolin. 
Yellow T. 

Gold Yellow. 
Acme Yellow. 

Na salt of 
Resorcinol- 
p - sulphon ic 
acid. 

0'"''Cr ' 

SOiNa OH 

Seldom 
met with. 

Tropaeol in 
000 No. 
Orange II. 
^-Naphtbol 
Orange. 
Mandarin G. 
Chrysaurein. 
Gold Orange. 
Orange Extra. 
Atlas Orange. 

N a salt of 
P - naphtho 1 - 
azobenze n e - 
p-sulphonic 
acid. 

SO»Na 


Croceiu 

Orange. 

Brilliant 

Orange. 
Orange GRx. 
Ponceau 4GB,* 

N a salt of 
Benzene-azo- 
^-naphthol- 
sulphonic 
acid. 



Orange G. 
Orange Yellow 
Orange GG.‘ 

Na salt of 
Benzene-azo- 
^•napht h 0 1 - 
disulphonic 
add G. 

SOjNa 

I Ml 

Homo- 

loguesare 

red. 

Diphenyl 
Orange RR, 

Na salt of 
nitroso-s til 
bene-d i s u 1 - 
phonic acid 
asoaniline. 

0 '"'M n 

NHt 

Direct 

cotton 

dyestuff. 


. ‘ By the action of nitric acid on diphenylatnine yellow, Curcumttn (N^ YtlUm, Cttronm) 
firat formed; then by further action Aro-add Yellow. .... 

* Tfopmolin F, the sodium salt of phenol-a*o-ben*ene-p-sulphonic acid is obsolete. 

/. Tropmolin 000 No, r, Sulp)tanap}M Oran^t, Napkthoi Oranu or Orange B, 
the corresponding dye from a-naphthol, is obsolete. Orange R, Mandcnin G R, Orange 2 , 
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Commercial 

name 

Chemical 
name or 
nature 

Formula 

Remarks 

Hydroxy-Aeo~ 

Dyes. 

Orange No. 3 
(not Helian- 
thin). 

Na salt of 
m- Nitro- 
benzene-azo - 
^-napht h 0 1 - 
d^ulph 0 n i c 
acid. 

NoJ^^ SOiNal^^i^^SO»Na 

Not often 
met with. 

Alizarin Yel- 
low GG. t 

m - Nitro- 
benzene-azo - 
salicylic acid. 


Though re- 
quiring a 
mordant , 
is not a 
true ali- 
zarin. 

Alizarin Yel- 
low R. 

p - Nitro- 
henzene-azo - 
salicylic acid. 



Lancaster Yel- 
low. 

Dinitro - p h e - 
nol-azo-phe- 
nol. 

f (NOi)t 

CtHi OH 

[n-N-C»H 4 . 0 H 

Obsolete. 

Milling Yel- 
low. 

Sodium salt of 
sulphonaph - 
thalene-a z 0- 
salicylic acid. 

i 

1 

Used with 
c h rome 
mordant. 

Yellow-fast-to- 

soap. 

Sodium salt 
‘ of meta-car- 
1 boxybenzene- 
1 azodipheny 1 -; 
amine. 

1 (i)CeH4(4)NH.CeH, 

Dyed from 
la soap 
bath. 

Oriol Yellow. 
Alkali Yellow. 
Cotton Yellow 
R. 

Sodium salt 

1 of primuline- 
: azo ' salicylic 
i acid. 

1 

P-N-N-( 4 )C.H.{;;]gHN. 
j (P — radical of primuline.) 


Persian Yel- 
low. 

Nitro-com- 
pound of p- 
toluene-a zo - 
salicylic acid. 

* 

C.hJCHj fOH 

Ino,(?) 

1 


Narcein. 

Sodium bi- 
sulphite com- 
pound oi p ~ 
sulpho - ben - 
zene-azo - 
naphthoL 

{ (liNH— N(SOiNa)— (i)Ci*He(3)OH 



QT K^mesin Orange and Orange a R, are homologues of Orani* II, being derived from 
toluidine and xylidine respectively, instead of from aniline. 

* Tfopa^n 0000 , the corresponding dye from o-naphthol, if obfolete. Orani* GT. or 
Orange and Scarlet GR or Scarlet R are homologues prepared respwtively wm tolu- 
tdine and ayudine instead of aniline. 

* Ponceau 2 G is isomeric with Orange G, and Ponceau G T and R T are homolog^ies 
from tolmdine. 
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The following table shows the general character and reactions of 
the more important orange and yellow sulphonated azo-dyes: 
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The best way of effecting the reduction of the yellow or orange 
azo-dyes is to warm the solution pf the colouring matter with zinc-dust 
and hydrochloric acid, the action in an ammoniacal solution being 
somewhat slow. Reduction with ammonium sulphide may sometimes 
be conveniently employed. 

The following is a detailed description of some of the more important 
sulphonated azo-yellows and oranges: 

Acid Yellow. Fast Yellow. ‘ — Amino-azobenzene-sulphonic 
acid, CflH4(S03H).N2.CgH^(NH2), is a yellow powder and forms the 
Solid Yeilortv S of commerce.” The commercial product known as 
Acid Yellow is prepared by dissolving the sulphonic acid in sodium 
carbonate and precipitating the solution by common salt. Acid Yellow 
is a yellow powder, readily forming a yellow solution in water, but only 
sparingly soluble in alcohol. On acidifying the aqueous solution with 
hydrochloric acid the free sulphonic acid is thrown down in the 
form of minute needles, soluble in excess of hydrochloric acid with 
reddish-yellow colour, appearing crimson in thin layers, the change 
being probably due to the formation of a hydrochloride. Acid Yellow 
is not precipitated by ammonia, fixed alkalies, or basic lead acetate. 
It is precipitated by barium chloride, but not by calcium chloride. 
Sulphuric acid dissolves the solid dye with a yellow colour. Zinc-dust 
decolourises the solution, but the filtered liquid recovers its yellow 
colour on exposure to the air. 

Add Yellow is used for dyeing wool and silk, but it is not often used 
alone for pure yellow colours; for although it is comparatively fast and 
will stand steaming, it is not sufficiently bright, and is sensitive to 
adds. As its shade is fairly pure it is adapted for use in compound 
colours, such as olive- and moss-green, and browns, where it replaces 
the natural yellow dyestuffs, it being as fast to light as the best of the 
latter. Acid Yellow is also used extensively for the manufacture of 
diazo- colours. 

Fast Yellow R is produced in a manner analogous to Add Yellow, 
by sulphonating aminoazotoluene. It is a brownish-yellow powder, 
giving a yellow solution with water.' Its application is similar to 
Arid Yellow, but its shade is orange-yellow. 

Methyl Orange. Helianthin. Tropaeolin D. Orange III. Gold 

* Acid Y eUaai G (gelb) is a derivative of amino-azobenzene. The homologue from amino- 

^otoluene is somewhat more orange in shade, and is known as Acid Yellcw R, or Fast 
Yellow R. ^ is also applied to diphenyl^ine yellow and to a substance 

of the formula, C«H^(COOH) .Ni.CiH*.NH(C®Hg). 

* Much of the Acid Yellow of commerce contains more or less of a disulphonate. 
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Orange. Mandarin Orange. These names, among others, are ap- 
plied to the ammonium or sodium salt of dimethyl -amino-a20- 
benzene-sulphonic acid, CeH^(S03H)(4).N2(i).CeHs.N'(CH3)2(4). 
Helianthin forms an orange-yellow powder, readily soluble in hot 
water, but only sparingly so in alcohol. The aqueous solution is 
orange-yellow, and is not precipitated by alkalies. On adding excess 
of hydrochloric acid to a hot, concentrated aqueous solution, the 
free sulphonic acid is precipitated in microscopic needles, which soon 
change to small, strongly lustrous plates or prisms showing a violet 
reflection. Concentrated sulphuric acid dissolves helianthin with 
reddish or yellowish -brown colour, the solution appearing yellow in 
thin layers. On further dilution, the liquid assumes a splendid red 
colour. With most reagents, helianthin behaves similarly to Acid 
Yellow, but basic acetate of lead throws down the whole of the colouring 
matter as an orange-yellow precipitate. Sodium chloride or mag- 
nesium sulphate added to a dilute solution of helianthin precipitate 
a colouring matter in microscopic crystals. 

Silk and wool when immersed in an acid solution of helianthin are 
dyed a fiery orange. The dyed fibre is turned red by hydrochloric 
acid and yellow by strong sulphuric acid, but alkalies produce no 
change. 

Methyl-orange is in general use as an indicator in alkalimetry, 

Diphenylamiae Yellow.— This colouring matter, also known as 
TropcBolin 00 , and Orange MN, Gold-Orange^ Acid- Yellow Di- 
phenylamine-Orange, Fast-Yellow^ and MancJtester-Yellow, is a pheny- 
lated Acid Yellow. The free acid forms steel-grey needles, very 
sparingly soluble in water with pink colouration. It is a powerful 
acid, forming well-defined salts, almost all of which are remarkable for 
their insolubility. The commercial dye is a potassium or sodium salt 
and forms an orange-yellow crystalline powder or golden-yellow 
dichrolc crystals. It is readily soluble in hot water, but only very 
sparingly so in cold water or alcohol. Very small quantities of min- 
eral salts precipitate it from its solutions. The hot aqueous solution 
is yellow and unchanged by alkali hydroxides, but is turned reddish- 
riolet by hydrochloric acid, and on cooling a violet precipitate is formed. 
Calcium and barium chlorides give yellow ciystalline precipitates. In 
strong sulphuric acid the dye dissolves with violet colour, becoming 
redder on adding water, while a slate-grey precipitate is produced. 

When reduced with an acid solution of stannous chloride, Tropaeolin 
Vot. V.— 10 
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00 yields sulphanilic acid and ^-amino-diphenylamine, which may 
be extracted by ether after adding excess of sodium hydroxide to the 
solution. 

Diphenylamine yellow gives a fine golden-yellow on silk or wool. 
The fibre is turned blue-violet by sulphuric and red-violet by hydro- 
chloric acid. 

Tropaeolin 00 may be substituted for methyl-orange as an indica- 
tor in alkalimetry, a faint trace of strong mineral acid turning the 
dilute solution red, while carbonic and other weak acids have no 
effect. 

Metanil yellow is isomeric with diphenylamine yellow. BrUliant 
Yellow, Acid Yellow 00, Yellow N, and Orange N are names given to 
the homologues of diphenylamine yellow. 

Orange 11 from /?-naphthoi and diazotised sulphanilic acid is not 
sensitive to either acids or alkalies, and is extensively employed in 
wool- dyeing, both as a self- colour and in compound shades. 

Azoflavine is a mixture of mono-, di-, and tri-nitrodi phenyl amine 
with the compound CeH^(S 03 H).N 2 .C(,H^.NH(CgH^N 02 ). It forms 
an ochre-yellow powder, soluble with difficulty in cold, but readily in hot 
water. The aqueous solution is yellow, changing to brownish on ad- 
dition of hydrochloric acid. Barium chloride gives a slightly soluble 
crystalline precipitate, but no change results with calcium chloride. 
The solid dye dissolves in strong sulphuric add with magenta-red 
colour, ‘changing to yellowish -red, with a yellowish- brown precipitate, 
on dilution with water. When heated on platinum foil the dye forms 
‘ ‘Pharaoh's serpents,’’ and gives off yellow vapours. 

Azo flavine 5 or 2 , Azo- Yellow, Citronine B or 2 B, Indian Yellow, 
and New Yellow, are names which have been applied to varieties of 
Azofiavine. 


Azo-reds. 

The scarlets, ponceaus, and clarets derived from azobenzene and 
its allies are among the most important of the colouring matters from 
^ coal-tar. 

The following table contains a description of some of the more 
important azo-dyes of which xylidine- scarlet is the type. The com- 
merdd names of the dyes are often confusing, the same chemical com- 
pound receiving different names from its several makers, while, on the 
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other hand, identical or very similar names are commercially used to 
distinguish dyes of distinctly different chemical nature. 

Owing to the facility with which diazo-compounds react with phenols 
and their sulphonic acids in alkaline solution, it is possible to produce 
azO“dyes directly on the fibre by immersing the goods alternately or 
simultaneously in a solution of naphthol and the diazo salt, and then 
developing the colour in an alkaline bath. The method is especially 
applicable to cotton. The colouring matter known as Primuline can 
be diazotised in the fabric, and on subsequently immersing the goods 
in an alkaline solution of resorcinol or naphthol the azo-dye is developed. 
Another method of utilising this diazo-reaction is to develop on the fibre 
a diazo colour by coupling it with diazotised parani tramline in an 
alkaline bath. Primuline, the diamine nitrazole colours, and some 
other derivatives of benzidine are capable of undergoing this so-called 
‘‘coupling process.” The peculiarity of this method is that the devel- 
oper and not the dyestuff is diazotised. The property possessed by the 
hydroxy-azo-dyes of forming soluble compounds ^dth sodium hydrogen 
sulphite which are decomposed by heat is also utilised. Narceine, 
CBH^(S03Na).NH.N(NaS03).Cjj,Hg.0H,5, is a substance of this 
class. It is a compound of Orange II with sodium hydrogen sulphite, 
and has been used in calico-printing. It is decomposed on steaming, 
sulphurous acid being liberated and Orange II reformed. 

The letters appended to the commercial names of dyestuffs are 
usually indicative of the particular shade, R. referring to red, G to 
yellow (gelb), and B to blue; 2R, etc., means a deeper shade of red 
than a single R. At times other letters are employed for the purpose 
of trade distinctions, and refer to some private nomenclature of the 
manufacturing firm. The formulae indicate as far as possible the 
structure of the molecule and the relative positions of the substituting 
groups in the benzene and naphthalene nuclei; the large figures in 
brackets placed before the different substituting groups refer to these 
positions in the nliclei, as shown by the following diagrams: 

I 8 I 

6[^2 

I for benzene, and 
S\)i 


I for naphthalene. 


4 


5 4 
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Commercial 

name 

Formula 

Remarks 

Character of dye 

Archil substi- 
tute. 

Naphthionic 

Red. 


From naph- 
thionic acid. 

Brown paste; red- 
brown solution. 

Cochineal 

Scarlet a R. 

C6H4(CHj)-N=-N-CioH & 1 

From C acid. 
Homologue is 
scarlet 4 R. 

Cinnabar-red pow- 
der, soluble in hot 
water to yellow, 
red solution. 

Scarlet GT. 

C6H,{CH,)-N-N-(i)CioHs 

From S acid. 
Homolo^e is 
scarlet G R. 

Scarlet powder; so- 
lution oiange-yel. 
low. 

Azococcia 3 R, 

C6Hs(CH,)7-N-N- (3)CioH, { ^sOjNa 

From Neville’s 
acid. 

Brown-red powder, 
difficultly soluble; 
bronzy oystals on 
cooling. 

Wool Scarlet R. 

CsH»(CHj) 2 -N=> N- (i)CioH4 

r 0 )OH 

4 )S 0 «Na 

(8)S0iNa 

From R salt. 
Schoellkropf 
acid. 

Brown-red ^wder; 
solution yellawish- 
red. 

Ponceau 2 R. 
Scarlet R. 
Xylidine Scarlet 

CiiHi(CH3)2~N-N-(i)CioH4 1 

(2) 0H 

(3) S0iNb 
( o^SOjNa 

From R salt. 
Isomers of yel- 
lower shade 
from G salt. 
Ponceau G, 
and Scarlet G. 

Scarlet powder: 
easily soluble; red 
solution. 

Ponceau 3 G. 
Scarlet 2 G and 
2 R. 

(3)0H 

C6Hs-N-N-(i)CioH4 ( 3 )S 0 jN;a 

(6)S0jNa 

From G salt. | 
Isomers from 
R salt. 

Brown-red powder. 
Fine red solution. 

Ponceau 3 R.^ 

CsH 2 

(S)CH* 

( 4 )CH, 

Sn-’n-ClH. 

From R salt. 

Dark red powder; 
solution cherry- 
red. 

Anisol Red. 1 « f (i)OCHi rfa’lOH 

•Anisidine Pon- * 1 (OCioH* < 

ceau. ! 

From R salt. 

Brownish-red pow- 
der; solution 
cherry -red. 

Phenetol Red. 
Coccinin. 

Coccin. 


From R salt. 

Fine red solution. 

Coccinin B. 

CiHj- 

(i)CH 2 

(4)0CHi rntTfl 

From R salt. 

Dark red powder; 
solution cherry* 
red. 

Crystal Ponceau f 

6 R. ^ CioH7(i)-N-.N(i)Cii,H4 

(»)0H 

6)S0iNa 

(8)S0iNa 

From G acid. 

Red-brown, 
ing crystals; solu- 
tion deep red. 

Past Brown N; 
Azo Brown 0; 
Napthylamine 
Brown; 
Chrome 
Brown RO. 

c «ir I (^ISOjNa 

CioH* |^i)N-N-(4)CioH.(i)OH 

From naph- 
thionic acid. 

Dark brown pow- 
der; solution ys^* 
lowish-brown. 


^ There is also a Powcrow 3 R which is the sodium salt of ethyldimethyl'betizeae'aso*^*Qaphthol 
disulphonic acid. 
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Reaction of aqueous 
solution 

Reaction of dye with 
Sulphuric acid 

Products of reduction 
with zinc and ammonia 

Other 

characters 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with 
water 

Precipitate 
soluble m 
water. 

Precipitate. 

Magenta- 

red. 

Brown-red 

ppt. 

NitraniUne and diamino- 
naphtbalene sulphonic 
acid. 


Drange col- 
ouration. 

Red flakes. 

Magenta- 

red. 

Red dakes. 

Toluidine and amino- u- 
naphthol sulphonic 
acid. 


Brown-red 

coloura- 

tion. 

Brown oily 
drops. 

Magenta- 

red. 

Oily drops. 

Toluidine and amino-^- 
naphthol sulphonic 
acid. 


Brovm - yel- 
low-colour ; 
no ppt. 

Brownish- 
red Sakes. 

Magenta- 

red. 

Brown-red 

precipitate. 

Xylidine and amino-a- 
naphtholsulphonic acid. 


Yellow-r e d 
colour. 

Bluish -red 
colouration. 

Cherry- 

red. 

Red solu- 
tion. 

Xylidine and amino-ti- 
naphtholdisu 1 ph 0 ni c 
acid. 


No precipi- 
tate. 

No change. 

Red. 

Brown pre- 
cipitate. 

Amino- ^-naphtholdisul- 
phonic acid and xylidine. 

Bad: and Ca- 
CIi. amorphous 
precipitates. 

No change. 

No change. 

Eosin-red. ' Yellow -red 
j colour. 

Amino - i?-naphtholdisul- 
phonic acid and c u m i- 
! dine. 

BaCls and CaCls 
precipitates ap- 
pearing slowly. 

Yellow pre- 
cipitate. 

No change, j 

! 

Cheny- 

red. 

Cherry-red. 

Amino- /}-naphtholdisul- 
phonic acid and ethyl- 
xylidine. 


Yellowish- 

red. 

No change. 

Magenta- 

red. 

Cherry-red. 

Amino- j 3 -naphtholdisul- 
1 phonic acid and anisidine. 

i 

1 

Brownish 

colouration. 


Magenta- 

red. 

Red. 

Amino- ^-naphtholdisul- 
phonic acid and phenati- 
dine. 

BaCU, brown, 
sparingly solu- 
;ble precipitate. 
iCaCli red precip- 
itate gradually. 


Brown ppt. 
soluble to ; 
red -brown j 
solution. ' 

Darkened. 

Magenta- 
or cherry- 
red. 

Cheny-red, 

Amino- |?-naphtholdisul- 
phonic acid and methyl 
anisidine. 

BaCls, brown 
ppt, CaCl:. red 
predpitateform- 
ed gi^ually. 

Bright 

Brown. 

Darkened ; 
with excess, 
brown crys- 
talline ppt. 

Violet. 

Scarlet. 



Reddish- 

brown. 

Magenta- 

red. 

Violet 

solution. 

Magneta 

red. 

Amino-a-naphthol and 1:4 
amino-naphtholsulphonic 
acid. 

Dyes wool 
brown from 
an acid bath. 
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Commercial 

name 

Formula 

Remarks 

Character of dye 

Roccelline. 

Past Red A. 

Rubtdine. 

Cerasine. 

r u ! (4)SO)Na 

CioB. 1 (i)N= N- (:)CiiiH»(2)OH 

From naphthi- 
onic acid. 

Solution reddish- 
brown, forms brown 
jelly when rapidly 
cooled. 

Fast Red C. 
Azorubin S. 
Carmoisin. 


From naphthi- 
onic acid and 
Neville's acid. 

Brown powder; ma- 
genta-red solution. 

New Coccin. 
Brilliant Pon- 
ceau. 1 


210H 

(6)SO*Na 

(SlSOjNa 

From naphthi- 
onic acid and 
G salt. 

Scarlet-red powder; 
sparingly soluble. 

Fast Red D. 
Amaranth. 


(>)OH 

(3)SO,Na 

(6)SOjNa 

From naphthi- 
onic acid and! 
R salt, 

Reddish-brown pow- 
der; solution ma- 
genta-red. 

Cochineal. 

Scarlet G. 

C.H.-N-N-WC..H.(WOHNa 

From L acid. 

Brick-red powder; 
yellow solution. 

Brown N P 
and N P J. 

rvxi. / (4 )NOi 

^H*UON=N-(r)C«Hi 

f{j)OH 

( 3 ) 0 H 

1 ( 4 ) 0 H 

Prom diazotized 
^-nitranil ine 
and pyrogallol. 

Brown paste. 

Archil Substi- 
tute G. 


From ^-nitrani- 
lineand ^-na- 
phthylamine. ! 

Brown powder; red 
solution. 

Archil Substi- 
tute 3 VN. 


From L acid. 

Brown powder; red 
solution. 

Archil Substi- 
tute Extra. 
Apollo Red. 


From #>-nitran- 
iline and a* 
naphthyl- 
amine-dis ul - 
phonic acid. 

Brown powder; red 
solution. 

Ponceau R T. 

f(z)OH 

t N = N- (iKiaHi (3)SO,Na 

1 (6)SOiNa 

From R acid. 

Red powder; orange 
solution. 

Cochineal. 

Scarlet 4 R, 

C.H.(CH,).- N- N - C,.H. { 

From L acid. 

Red powder; slight- 
ly soluble. 

Scarlet G R. 
Scarlet R. 


From S acid. 

Red powder; orange 
solution. 

Palatine. 

Scarlet. 

C«H,(CH,),-N = N-CioHh ( (sOjNa), 

Prom naphthol-, 
disul p no n i c 
acid. 

Red powder; red 
solution. 

Ponceau G. 
Scarlet G. 

C«Hj(CH,),— N- N - (i)Ci#H 4 ^ 

3 OH 
(6)SO*Na 
[ (8)SOiNa 

From G acid. 

Red powder; red 
solution. 

Ponceau 3 R. 

fCjHi 

C*H* <CH,), 

In-n-c.oH 4 {oh?^,^^ 


Red powder; red 
solution. 

Azo-cosin. 


Prom N W acid. 

Red powder: red 
solution. 
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Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Products of reduction 
with zinc and ammonia 

Other 

characters 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Darkened. 

YeUow- 
brown ppt. 

Violet. 

Yellow- 

brown 

ppt. 

Naphthionic acid, and 
amino- ^-naphtbo 1. 

N a 1 C 0 » in 
strong solution 
gives pale 
brown crystals. 

Becomes 

yellow. 

Brown jelly. 

Bluish- 

violet. 

Magenta- 

red. 

a -naphthylaminesulphonic 
acid and aminq-a-iuph- 
thol sulphonic acid. 

CaCl], red crys- 
talline precipi- 
tate. 

Brown. 

No change. 

Magenta- 

red, 

Yellow- 

red. 

a-naphthylaminesulphonic ! 
• acid and amino-^-naph- j 
tholdisul phonic acid. 


Becomes 

dark. 

No change. 

Violet. 

Magenta- 

red. 



Orange. 

Thick ppt. 

Cherry- 

red. 

Red ppt. 









Brown ppt. 

Brown ppt. 

Red. 

Brown ppt. 


i 

Brown. 

Bluish ppt. 

Red. 

No change. 



Brown ppt. 

Crimson. 

Crimson, ! 

j 

No change. 



Yellow, 

No change. 

Red. 

Orange. 



Yellowish- 

Red. 

Brown ppt. 

Magenta- 

red. 

Red ppt. 

i 

No change. 

Brown ppt. 

Red. 

Red ppt. 



Yellower. 

Brown ppt. 

Purple. 

Brown ppt. 

1 

Soluble in alco- 
hol. 

No change. 

No change. 

Red. 

Orange. 



Yellow ppt. 

No change. 

Red. 

No change. 


1 

Yellowish. 

Brown ppt. 

Red. 

Red ppt. 

1 

, Slightly soluble 
in alcohol. 
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Com- 

mercial 

name 

Formula 

Remarks 

Orcellin 
Deep Red. 

fOH 

CsHa (N 02 )i 

In-N-C 6 H,(OH )2 

From Picramic 
acid and Resor- 
cinol. 

Fast Red 

B T. 


Prom S acid. 

Past Red B, 
Bordeaux 

B. 

ftAOH 

C,oH 7 (i)N = N-(i)CioH< . ^3)S0iNa 

1 (6)S0sNa 

Prom R acid. 

Palatine 

Red. 

C..H.(.)N = N-C,cH. (fsOiNa), 


Crocein 3 B 
X. 

C.«H. { { <|) 0 H 

From B acid. 

Past Red E.i p u / (4)S03Na r r^'invr 

Fast Red. | * i(ON = N-(i)CioH, , 

From S add. 

Scarlet 6 R. p « / ( 4 )SOiNa fAVTd 

Ponceau 6 | 1 ('IN-N-C^H. 

From trisulphonic 
acid. 

Acid Pon-| 
ceau. 

pm/ 

^’'’^'lN-N-(0CiaH»(3)0H 

From oc. and r 
naphthykmines. 

Past Brown 
3 B. 

pm/ (6)S03Na 1 

1(2)N = X^(4)CioH,(i)OH . I 



Orange Red ^ 
L 1 

Double 
Brilliant 
Scarlet G. ' 

P „ /(6)S0jNa 

l( 2 )N = N-(i)CioH«(3)OH 


Brilliant | 
Ponceau 

Double 
Scarlet 
Extra S. 

Double Bril - 1 
liantScar-i 
let 3 R. i 


From N W acid. 

Pyxotoe R / ^ 5 ) SO sNa r 

From N W acid. 

(P“primuline radical.) 


Atlas Red, 

f( 3 )CHi 

P-N = N-(i)C»H 3 U NHj 

6 }NH, 
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Character of 
dyestufi 

Reaction of aqueous 
solution 

Reaction of dye with ; 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy* 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown paste; 
red solution. 

No change. 

Brown pp. 

Brown. 

Brown pp. 

Soluble in alcohol. 

Red powder; 
red solution. 

Brown. 

Brown pp. 

Violet. 

Violet pp. 

Slightly soluble in 
alcohol. 

Brown pow- 
der; purple 
solution. 

Yellow. 

No change. 

Blue. 

Violet, 


Blue powder; 
purple solu- 
tion. 

Yellower. 

Brown pp. 

Blue. ' Brown pp. 

i 


Red powder; 
orange solu- 
tion. 

Brown. 

No change. 

Violet. 

Orange. | 


Brown pow-j 
der;red solu- 
tion. 

Brown. 

No change. 

Violet. 

Red. 


Brown pow- 
der; purple; 
solution. 

Brown. 

No change. 

Violet. 

Magenta- 

red. 


Red powder; 
slightly solu 
hie. 

Browner. 

Brown pp. 

Violet. ^ 

Brown pp. 

Soluble in hot 
water. 

Brown pow- 
der; brown 
solution. 

Red. 

A/iolet. 

•Blue. j 

Violet pp. 


Brown pow- 
der; red 
solution. 

Brown pp. 

, Brown pp. 

Bluish- 

red, 

Red pp. 


Brown pow- 
der; orange 
solution. 

No change. | 

Brown pp. 

Bluish- 

red. 

Scarlet. 


Brown pow- 
der; orange 
solution. 

Yellower. 

Bluer. 

Bluish - 
red. 

Red. 


Brown pow- 
der; red 
solution. 

Red pp. 

Brown pp. 

Violet. 

Brown pp. 

Soluble in alco- 
hol. 

Red powder; 
brown solu- 
tion. 


Dark pp. 



Gives brown 
shades when di- 
azotised on 
fibre. 
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Com- 

mercial 

name 

Formula 

Remarks 

Terra Cotta 
R. 

(OH 

CsHs— N==N-C«H2 COjH 
iNO* 


Azo-fucli- 
sin B. 

P„ rCHj ffOOH 

4 SO,Na 

From Schoell- 
kopfs acid. 

Azo-fuch- I rcHj I (4)50jNa 

siaG. 1 

r{i)0H 

moH 

[ (4)S0,Na 

From Schoelkopf“s 
acid. 

Diamond 
Yellow G. 



Diamond f (a^COiNa f ronH 

Y.UOW . ^•“•l!i)N = N-C4)C.H.{(;)gH^^ 

1 


Roxamin. | 

CloH, (OCioH* { 


Chromo- 
trope 2 R. 

• f(i)0H 

C*H4N«NO)Ci«H, 

i(6)S02Na ' 

From chromo- 
trope acid. 

Chromo- 
trope 2 B. 

P „ fNOi 

^ \N=-N(2)CiflHa 1 

(i)0H 

(8)OH 

f 3 )SO»Na 

(6)S0jNa 

From #>-nitrani- 
Une and chro- 
motrope acid. 

Chromo- 
trope 10 
B. 

CioH7(fl)N-N(3)CiflH,- 

(i)0H 

(8)0H 

( 3 )SOiNa 

,(6)SOiNa 

From chromo- 
trope acid, 

Chromo- 
trope 8 

B. 

r H / SOiNa 
^'»*^«1N = N(3 )CioHi 

(i)0H 

(8)OH 

(3)S0iNa 

(6)SOiNa 

From c h r 0 m o- 
trope and naph- 
thionic acid. 

Prager Aliz- 
arin Yel- 
low G. 

{i5!N=*N-0)C»H2 jjsjoH 

i (6)COiNa ' 

From ^-resorcyl 
acid and meta- 
nitranilioe. 

Prager AH- 
•zarin Yel- 
low R. 


(3 OH 
(S)0H 
(eiCOjNa 

From p-resorcyl 
acid and para- 
nitranilioe. 

Para-Nitra- 

niline 

Red. 

{ijjN-N-(i)CioH,(s)OH 

From para-nitra- 
1 n^ne and ?- 
naphtbol. 

Wool Vio- 
let S. 

f(i)N0» 

Prom dinitrani- 
line. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics. 

: With 

1 sodium 
hydroxide 

With hy- 
1 drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown pow- 
der; brown 
solution. 

Red. 

Brown pp. 

Yellow. 

Brown pp. 

The presence of 
the NOs group 
is questioned. 

Dark brown 
powder; red 
solution. 

Bluer. 

Brown pp. 

Violet. 

Bluish-red. 


Brown pow- 
der; red 

solution. 

Bluer. 

Yellower. 

Violet. 

Bluish-red. 


Yellow paste; 
yellow solu- 
tion. 



Orange. 

Yellow pp. 

More readily sol- 
uble in water 
containing so- 
dium carbonate 
or acetate. 

Brown paste; 
yellow solu- 
tion. 




Orange. 

Yellow pp. 

More readily sol- 
uble m water 
containing so- 
dium carbonate 
or acetate. 

Red powder: 
scarlet solu- 
tion. 

Darker. 

No change. 

i 

Violet. 


Acid dye for wool. 

Red powder, 
magenta-red 
solution. 

. No change. 

No change. 

V'iolet. 

1 Orange. 

: Soluble in alco- 
hol, Acid dye 
for wool. 

Red powder;' 
orange solu-i 
tion. 

Violet. 

Yellower. 

Violet. ; 

Orange. 

Soluble in alco- 
hoL Acid and 
chrome dye for 
wool. 

Violet powder; 
violet solu- 
tion. 

! 

Orange. 

No change. 

Blue. 1 

i 

Violet pp. 

Soluble in alco- 
hol, Acid dye 
for wool. 

Violet powder; 
violet solu- 
tion. 

No change. 

No change. 

Blue. 

Violet. 

Soluble in alco- 
hol. Acid dye 
for wool. 

Yellow pow- 
der; yellow 
solution. 

Orange. 

Yellow pp. 

Yellow. 

Yellow' pp. 

Soluble in alco- 
hol. Chrome 

dye for wool. 

Orange pow- 
der; orange 
solution. 

Violet. 

Orange ppt. 

Orange. 

Orange ppt. 

Soluble in alco- 
hol. Chrome 
dye for wool. 

The dyestuff 
is made on 
the fibre. 




Ingrain dye for 
cotton. 





Black pow- 
der; violet 
solution. 

Violet ppt. 

Orange. 

Scarlet. 

Orange ppt. 

Soluble in alco- 
hol. Acid dye 
for wool. 
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Com- 

merdal 

name 

Formula 

Remarks 

Victoria 

Violet 

4 BS. 


(OOH 

1 (8)OH 

I (3)SOiNa 
■ (6)SOjNa 

Front Chromo- 
trope a B. 

Chromo- 
trope 6 B. 

/NH.CiHjO 1 

f(OOH 

1 (BlOH 

1 (3 SOjNa 
i {6)SOsNa 

Prom Chromo- 
trope acid. 

Spirit Yel-; 

low R. 
Yellow Fat 
Colorir. 

{ C3 )N= V-(2)C,Hi { 

From ortho-tolui- 
idine. 

1 

Chrysoidin . 

R. 

t U N-N- (2)C6 Hi 4)CHi 

5 )NHj.HC 1 

From ortho-tolu- 
idine. 

Rose de 
Benzoyl. 

CipHs 1 

(i)OH 

From N W acid. 

Sulpha minej 
Brown A.| 
Naphthine j 
Brown a.: 

Not determined. 

From o-diazo- 
naphthalene. 

Azo Turkey; 
Red. 1 

CioH 7{3 )N-N(i)CioH|( 2)OH 

Developed on fibre 
from ^-naph - 
thylamine and 
^-naphthol. 

Sulphamine; 

Brown B.j 
N^hthine 
Brown 

Not determined. 

From ^-diazo- 

naphthalinc. 

Diamond 
Flavin G. 

i 

CsHi 

C3)COjH 

(4pH 

(ON- N- (i)C€H<.C*H 4.{4)OH 

From salicylic 
acid. 

fndoin Blue 
R. 

' Not determined. 

From safranine. 

Pbenofiavin pu / (4)SOjNa 

! 

I NHr 

3 SO*Na 
(S OH 

From metanilic 
acid. 

Fast Red B. 

fOH 

From naphthi- 
onic acid. 

Fast Acid 
Scarlet. 
Past Acid 
PonceatL 

(6)N-N~ (i)C.oHe. (3)0H 

From beta-acid. 
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Character of 
dyestufi 

Reaction of aqueous 
solution 

Reaction of dye with j 
sulphuric add 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Green powder; 
violrt solu- 
tion. 

Orange. 

Orange. 

Violet. 

Orange ppt. 

Soluble In alco- 
hol. Add dye 
for wooL 

Brown pow- 
der; violet 
solution. 

Yellow, 

No change. 

Red. 

Violet ppt. 

Soluble in alco- 
hol. Acid dye 
for wooL 

Yellow Itunps; 
but slightly 
soluble, melt 
in boiling 
water. 


Red crystals 

Brown. 

Red ppt. 

Soluble in hot al- 
cohol. 

Colour for fats, 
butter, etc. 

Violet crys- 
tals; red 
solution. 

Yellow ppt. 

Brown ppt. 

Brown, 

Red ppt. 

Soluble in alco- 
hol. 

Red lumps. 

Red. 

[ Violet ppt. j 

Red. 

1 

i 

Direct dye for 
cotton. 

Brown pow- 
der; brown 
solution. 

Brown ppt. 

No change. 

Green. 

Brown. 

Chrome dye for 
wooL 






Ingrain colour. 






Brown pow- 
der; brown 
solution. 

Brown ppt. 

No change. 

Violet. 

Brown, 

Chrome dye for 
wool. 

Brown paste; 
insoluble. 

Orange 

solution. 

No change. 

Red. 

Brown ppt. 

Soluble in alco- 
hol. 

Brown paste 
or powder; 
violet solu- 
tion. 

V'iolet ppt. 

Blue ppt. 

Green. 

Violet ppt. 

Soluble in alco- 
hoL Direct col- 
our for cotton. 

Yellow pow- 
der; yellow 
solution. 

Orange. 

Orange. 

Yellow. 


Acid dye for wool. 

Brown pow- 
der; red 

solution. 

Darker. 

Brown ppt. 

Violet. 

Brown ppt. 

Acid dye for wool. 

Red powder ; 
but slightly 
soluble. 

Darker. 

Brown pp. 

Violet. 

Brown pp. 

Acid dye for wooL 
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Com- 

mercial 

name 

Formula 

Remarks 

Chrome ! 
Yellow D. : 
Anthracene 
Yellow B 
N. 

Milling 

Yellow. 


From salicylic 
acid. 

i 

Crumpsall- 

Yellow. 

f (6)SOjNa ; From salicylic 

CioHs I (8)bOsNa W i 

l(2)N = N-(2)CsH.{j4)C0rH 1 

Cotton 
Orange G. 

P-N^N(2)C6H 1 

1 

(P =* primuline 

1 ( 3 )SOjNa 

1 (4)SOsNa 

base.) 

From diazotised 
primuline. 

Diamond 
Yellow G. 


Chicago 

Orange. 

CH.C.H.{<5gO^^ 

From benzidine. 

Arnica Yel- 
low. 

.C‘H. { (J)Nil!r-C.H,OH 

1 From ^-amino- 
phenol. 


The dyes of the class of which xylidine scarlet is the type are very 
numerous, and are being continually added to. The characters of 
the dyes are materially dependent on their derivation from a or /?- 
naphthol, and the exact nature of the isomeric naphthol-sulphonic 
acids employed also notably affects the colour and other properties of 
the dye. The letters R and G appended to the commercial names of 
the scarlets and other azo-dyes have reference to the sodium salts of 
the respective isomeric ^-naphtholdisulphonic acids used for their 
production. “Salt G” yields the yellow shades, and “salt R’’ the 
red shades of the azo-dyes they are employed to produce. Similarly, 
where /?-naphtholmonosulphonic acid is used, the characters of the 
resultant dyes depend to some extent on the isomer employed, whether 
“Schaffer’s acid,” “Bayer’s acid,” or other modifications.^ 

* Ref. Tiubei and Normafi. "Die Naphthaliti-derivate". 
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Character of 
dyestuff 

] 

Reaction of aqueous 
solution 

Reaction of dye with | 
sulphuric acid ; 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Yellow pow- 
der; orange ' 
solution. 

Orange pp. 

Grey pp. 

Orange. 

i 

Grey pp. 

Chrome dye for 

1 wool. 

Yellow pow- 
der; yellow 
solution. 

Green pp. 

Orange pp. 

Orange, 

1 Orange. 

! 

Soluble in alcohol 
Chrome dye for 
wool. 

Brown pow- 
der; orange ; 
solution. 

No change. 

Red pp. 

Orange. 

Red pp. 

, Direct dye for 
cotton. 

Yellow paste; 
yellow solu- 
tion. 



! Orange, i 

1 

Yellow pp. 

Soluble in alco- 
hol. Chrome dye 
for wool. 

Brown pow- 
der; orange 
solution. 

Orange pp. 

Brown pp. 

Violet. 

Brown pp. 

Soluble in alcohol. 
Direct dye for 
cotton. 

Brown pow- 
der ; brown 
solution. 

Red. 

Brown pp. 

Violet. 


: Direct dye for 
cotton. 


Xylidine Red, Poncean R, Xylidine Scarlet, forms a scarlet-red 
powder, readily soluble in water or acetic acid, but less so in glycerine 
or alcohol. Its aqueous solution is unchanged by alkalies or dilute 
acids, and gives scarlet lakes with the acetates of lead and aluminum. 
Barium chloride precipitates it more perfectly, even in the presence 
of acetic acid. Xylidine Scarlet dyes animal fibres without a mordant 
in a slightly acid bath. The colour does not stand soaping, but is 
fast in the air, and resists the action of light fairly well. 

Xylidine Red and allied colours are frequently adulterated with 
dextrin^ which may be separated by treating the sample with suffi- 
cient alcohol. Tarry matters are sometimes precipitated on acidify- 
ing the solution of the dye with acetic acid. 

Fast-Brown N . — This colouring matter, like others of similar con- 
stitution, dyes wool brown in an acid bath. It forms a dark brown 
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powder soluble in water to a yellowish-brown solution changed 
to brownish-red by sodium carbonate and giving a brown precipitate 
with hydrochloric acid. In strong sulphuric add the dye dissolves 
with blue colour, a brown precipitate being formed on dilution. 

Secondary Azo-Compounds. Tetrazo-dyes. 

Amino- azo benzene may be regarded as a primary amine, since it 
contains the group NH2. When this is acted on by nitrous add a 
diazo-azobenzene compound, is formed: CftH^.Nj.CjH^NHjHCl-f 
NaN02+HCl=C6H5.N2.C,H,.N2.Cl+NaCl-f2H20. The product 
contains two— N:N— groups and is called a secondary azo- or tetrazo- 
compotmd. By reaction with phenols in presence of alkalies, these 
tetrazo- compounds 3deld products of which several have received 
practical application, as they usually possess a colouring power super- 
ior to that of the azo-dyes of similar colour but simpler constitution. 
They are rendered soluble by iulphonation, the SOgH group being 
often introduced into both chains. Thus by diazotising Acid Yellow, 
and acting with the product on sodium ^-naphthol-a-sulphonate 
(Bayer's salt), Crocetn Scarletj is obtained. 

Crocein Scarlet, 3 B, or Ponceau 4 KBj is a dye of considerable 
practical importance. It forms a red-brown powder, soluble in water 
with a scarlet- red colour. The solutionis turned violet-red by alkalies, 
but not precipitated except in very concentrated solutions. With 
hydrochloric acid it yields a yelio wish-brown precipitate. With 
barium chloride it gives a red precipitate, becoming dark violet and 
crystalline on boiling. With calcium chloride the dye gives afiocculent 
red precipitate, which on boiling the liquid suddenly becomes brown 
and crystalline. When reduced with zinc in ammoniacal solution 
crocein scarlet is decolourised, but the liquid acquires a yellow colour 
on exposure to air. The solid dye dissolves in strong sulphuric acid 
with indigo-blue colour, and on dilution a yellow-brown precipitate is 
formed, soluble in more water to a red solution. 

Crocein Scarlet, 7 B, or Ponceau 6 RB,i s homologous with the last 
and resembles it generally, but after reduction with zinc and ammonia 
the colourless liquid does not again become yellow on exposure to air. 
The hot concentrated aqueous solution, when treated with magnesium 
sulphate and allowed to stand, deposits on cooling long silky needles 
of the maghesium salt. 
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Ponceau S. extra is a disulphonated crocein scarlet: 

Orseillin 2 B is the isomeric compound from a-naphthol sulphonic 
acid. 

Biebrich StBxXtiy Ponceau 3 R, or Azobenzene Red, is a mixture 0/ 
Fast Scarlet or Double Scarlet, with the corresponding disulphonate. 
It is a reddish-brown crystalline powder, forming a yellowish-red 
solution. The hot aqueous solution of Biebrich Scarlet becomes 
gelatinous on cooling. Dilute acids give a flocculent brownish-red 
precipitate in strong solutions. With zinc and ammonia the solution 
of Biebrich Scarlet is decolourised, but on exposure to air the liquid 
becomes yellow. The solid dye gives a green solution in strong sul- 
phuric acid, and on adding water, the colour changes to blue, then to 
violet, and lastly, a dirty-brown precipitate is formed. 

Scarlets 3 B, 3 i?, and 4 R are varieties of Biebrich Scarlet. 

Scarlet S, or Ponceau SS extra, is isomeric with Biebrich Scarlet, the 
^-naphthol being sulphonated instead of the amine. ■ It is a brown 
powder, soluble in water with ma^nta-red colour. The solution 
jdelds a violet precipitate with hydrochloric acid, and is turned reddish- 
violet by sodium hydroxide. 

Brilliant Crocein M is a. dye of the same composition prepared with 
sodium jJ-naphthol-y-sulphonic acid instead of R. salt It is a light- 
brown powder, forming a cherry-red solution, which is turned brown 
by sodium hydroxide, and gives a brown precipitate with hydrochloric 
acid. 

Azococcin 7 B and Crocein B are colouring matters from naphthol 
analogous to Scarlet S. Azococcin 7 B is a difficultly soluble brown 
powder. The magenta coloured solution gives a brownish-red pre- 
cipitate with hydrochloric acid, and with sodium hydroxide a violet- 
red precipitate soluble in water. Crocein B is brown-red, difficultly 
soluble to a magenta-coloured solution which is precipitated violet by 
hydrochloric acid, and gives a violet colouration with sodium hydrox- 
ide. Archil Red is homologous with Scarlet S, containing two xylene- 
instead of two benzencrresidues. 

The tetrazo<-dyes are characterised by their behaviour on reduc- 
tion. With tin and hydrochloric acid, or other acid reducing agent, 
the decomposition is complete; but when treated with zinc and ammo- 
nia only partial decomposition ensues and the decolourised and filtered 
solution usually acquires a yellow colour on exposure to air, the colouj:- 


VOL. V.~II 



DYES AND COLOURING MATTERS. 


162 


less hydrazo-compoimd formed being oxidised to Acid Yellow and 
atnino-azobenzene or some allied substance. (See below.) 

A further distinction between the various red tetrazo-dyes con- 
taining a naphthol nucleus is to be found in their behaviour when 
treated in the solid state with strong sulphuric add, as is shown in the 
following table: 


Dye 

Colour with sulphuric acid 

Products o£ reduction 

With 

cone. 

acid 

On dilution 
with water 

In alkaline 
solution 

In acid solution 

A — 

Biebrich 

Scarlet. 

! Green. 

i 

Blue, brown, 
and _ brown 
precipitate. 

Amino- ^-n a p h t h 0 1 
and amino - hydra- 
zobenzene - disul- 
phonic acid (oxi- 
dising with yellow 
colour). 

Amino- fi -naphthol, 
sulphanilic acid, 
and d i a m i n 0- 
benzene- sulphonic 
acid. 

Fast Scarlet. 

Green. 

Blue; then 
blue-red 
changing to^ 
^ scarlet. 

jAmino- ^ -naphthol 
para-diamino-b e n - 
zene and amino- 
hydrazo - benzene 
sulphonic acid (oxi- 
dising with yellow 
colour). 


B 

Scarlet S. 
Ponceau 

SS extra. 

Violet. 

i 

Violet ppt. 

Amino- -naphthol- 
disulpnonic acid' 
and amino-azoben- 
zene. 

Sulphuric acid, 

amino- ^-naphthol, 
aniline, and p: 
diamino-benzene. 

Brilliant 

Crocein M. 

Reddish- 

violet. 

Blue-violet; 
and red or 

brown ppt, 

on furt^r 

dilution. 



Azococcin 

7 B. 

Bluish- 

violet. 

Brownish - red 

ppt. 



Crocein B. 1 

Violet. 

Violet ppt. 



C 

Crocein Scar- 
let 3 B. 

Indigo- 

blue. 

Yellow - brown 
ppt., and 

then red so- 
lution. 

Amino- i? -naphthol- 
a-sulphonic acid and 
amino - hydra zo- 
benzene-sulphonic 
acid (oxidising to 
Acid Yellow). 

Sulphuric acid, 
amino- ^-naphthol, 

sulphanilic acid, 
and p -diamino- 
benzene. 

Crocein Scar- 
let 7 B. 

Blue. 

Violet-red. 



Orscillin 2 B. 

Blue. 

Red. 



Foitceau S 
extra. 

Blue. 

Yellowish -red. 




Soudan III, or Amino-azobenzene-azo-/?-naphthol. This is an un- 
sulphonated tetrazo-dye of commercial interest. It forms a brown 
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powder insoluble in water, but soluble in alcohol. It dissolves in con- 
centrated sulphuric acid with bluish-green colour, becoming blue on 
addition of water, and giving a red precipitate on further dilution. 

Tetrazo-browns. — The follovdng are among the colouring matters 
of this dass which occur in commerce; Resorcin Brown, Fast Brown 
(Bayer), Add Brown G, Acid Brown R, Fast Brown G (Tillman’s), 
Fast Brown (Meister). 

Resorcin Brown is a brown powder, soluble in water to, a brown 
solution which is but slightly changed by sodium hydroxide, but yields 
a brown precipitate with hydrochloric add. The solid dye dissolves 
in strong sulphuric acid with brown colour, and on dilution with water 
a brown predpitate is formed. 

Acid Brown G is the type of several similar compounds obtained 
by introducing an amine* residue instead of a phenol residue. It is 
prepared by the action of diazobenzene chloride on chrysoTdine- 
sulphonic acid. It dissolves in strong sulphuric add with reddish- 
brown colour, becoming yellowish on dilution with water. 

Acid Brown R is a similar dye prepared by the action of diazo- 
tised naphthionic acid on chrysoidine. It is a brown powder, forming 
a brown aqueous solution which is unchanged by alkalies, but precipi- 
tated brown by acids. In strong sulphuric add the dye dissolves 
with a dirty olive colour, and on dilution gives first a reddish and then 
a brown predpitate. 

Fast Brown G is a brown powder, forming a reddish-brown solution. 
Dilute hydrochloric acid gives a violet predpitate, soluble in excess 
with a violet colour, or in water with a brown colour. Alkalies turn 
the aqueous solution cherry-red. Strong sulphuric acid dissolves the 
solid dye with a violet colour, becoming yellowish- brown on dilution. 

Fast Brown of Mdster, Lucius, and Bruning is homologous with 
the last dye, and forms a dark brown powder soluble in water with a 
brown colour. Alkalies turn the solution reddish-yellow, and dilute 
acids give a violet precipitate. Strong sulphuric acid dissolves the 
dye with a violet colour, becoming red on dilution. The colour 
produced on wool is a brownish-red. 

Phenylene Brown. -^HCL This col- 

ou^g matter, which is also known by the name of Bismarck Browrij 
^esuvine^ ManchesUt Brcnxm, Cinnamon Brown^ Leather Brcfwn^ etc., is 
the hydrochloride of benzene-diazophenylene-diamine. The com- 
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mercial product forms a dark brown powder always containing more 
or less common salt, and on solution in water often leaves a residue of 
insoluble impurities. The aqueous and alcoholic solutions are brown, 
but the liquid is turned red by a large excess of hydrochloric acid, 
though unchanged by slight excess. This reaction is characteristic. 
Ammonia and the fixed alkalies give a voluminous brown precipitate 
of the free base, which is somewhat soluble in boiling water, and more 
readily in alcohol, and when purified by recrystallisation forms small 
yellowish-red crystals which melt at 137°. Phenylene-Brown dissolves 
in strong sulphuric acid with reddish-brown colouration, becoming 
orange-red on dilution. The aqueous solution gives a brown precipi- 
tate with basic lead acetate (distinction from Chrysoidine Orange), 
and is decolourised by treatment with a hydrochloric acid solution of 
stannous chloride. 

Phenylene-Brown dyes wool a brownish-orange. It has been much 
used for dyeing leather, 

Naphthol Black or Azo-Black contains CioH5(S03Na)2.N2,- 
C^oH^-N^.C ,jjH4(0H)/?(S03Na)2, and results from the action of salt 
R on diazotised amino-azonaphthalene-disulphonic acid. It forms 
a readily soluble black powder, yielding a dark blue-violet aqueous 
solution; this forms a red-violet precipitate with hydrochloric acid, 
and with alkalies a blue precipitate soluble in much water. Precipi- 
tates are yielded with barium and calcium chlorides, as also by solutions 
of iron salts and some other metals. The dye dissolves in strong 
sulphuric acid with a dark green colour becoming blue on dilution. 
Naphthol Black dyes silk and wool a blue-black in a slightly acid 
bath. ^ 

Wool Black is a similar dye produced by the action of diazotised 
amino-azobenzene-disulphonic acid on p-tolyl-^-naphthylamine, and 
has the formula, CeH4(S03Na).N3.C5H3(S03Na).N3.C,oH8.NH- 
(C7H7). It gives a violet precipitate with sodium carbonate and a 
red violet precipitate with hydrochloric acid, and dissolves in strong 
sulphuric acid with a blue colour, yielding a brown precipitate on 
dilution. Both Wool Black and Azo Black are employed as indigo- 
substitutes in wool-dyeing. They are fairly fast, and can be applied 
in a simple manner, by simply dyeing the wool in an acid bath, but 
the colour is apt to bleed in the milling process. 

* Naphtbol Black may be dyed on wool by first boiling the material In an aci<^fied batti. 
then adding the dyestun. It is very fast a^inst the action of light, acids, and stoving, but 
only moderately fast to washing. 
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Naphthol Blackrs B has the formula CjflH5(Na603)2.N : N.CtoH^- 
(S03Na)2. It occurs in the form of a crystalline powder, giving a 
dark blue solution in water. In strong sulphuric acid it dissolves with 
a black colour, changing to purple on dilution. The aqueous solution 
with hydrochloric acid shows no change, but sodium hydroxide turns 
it to a bluer colour. It is an acid dye for wool, giving deep navy blue 
shades which are quite fast to acids, alkalies, and light. There are 
several other naphthol blacks with similar characteristics to the above. 

Naphthol Black 6 B has the formula CioH5(S03Na)2.N:N.CioHg- 

N It differs from the 3 B brand in being 

soluble in alcohol, and dyeing a redder shade. 

Naphthol Black 4 R has the same formula as the above, but is 
made from j(?-naphthol-^-disulphonic acid whereas the former is 
prepared from /?-naphthol-disulphonic acid R. 

Naphthylamine Blacks are somewhat similar to the naphthol 
blacks just described. Naphthylamine Black D is a combination 
of amino-azo-nap hthalene-disulp horde acid with a-naphthylamine. 
It dyes the animal fibres from a neutral bath giving black shades with 
a red tone, which are fairly fast to light and fulling. 

Jet Black R is obtained by combining a-naphthylamine with diazo- 
tised benzene sodium disulphonate-azo-naphthyl amine. Ardmal fibres 
are dyed from a neutral bath, giving black shades fairly fast to light 
and milling. Jet Black G is a very similar dyestuff prepared from 
the corresponding toluene derivative; it is dyed in the same manner 
as the former, but gives greener shades of black as fast as those of 
the R brand. 

The tables on the following pages show the composition and prop- 
erties of various tetrazo-dyes; 




Acid 

Brown R. 


CflH2(CHj)2,SOiNa 


NH2 (i)\p„ ^N-N-CeHs 

^iNa(4) 

C.H f N=N-CiH» 

N-N-CioH,OH(^) 


From 3 mols. xyli- 
dinesulp h o n i c 
acid and a- 
naphthol. 

From naphthionic 
acid H- Chrysoi- 
dine. 


Acid I 
Brown G, 1 




N^N-C«H* 

(4)N-N-(i)C«H4(4)SOjNa 


jFrom aniline 
Chrysoidine. 


Fast j 
Brown Gj 


Fast 

Brown 

(Bayer). 

Phenylene 
Brown. 
Bismarck 
Brown. 
Manches- 
ter Brown. 


Benzo- 
Brown G. 


HOfi) Ip „ ^(3)N-N-C*H3(CH3 )i 
H0(3) i N - (OC,H4(4)SO»Na 

S8a}‘^«={S:JS:i5f:?e;:3:ai8sr 


(.)N.n-(.)ch.{!»!Nh=hci 




N-N-C4Hj{NHj)i-N> 

CH, 

SOiNa 

N=N-CiHj(NH2)*-N- 


(i)N-.N-(4)CiH, 


(3)N = N~(4)C.H, 


From xylidine + 
\ Tropaeolin O. 


From solphanilic 
acid +■ a-naph- 
thol. 


From diazotised 
m - phenylene- 
diamine. 


N-*CioH4.SOiNa 


'N-’CioHe.SOiNa 


-(!)CjHi(4)SOjNa 


jFrom Bismarck 
Brown. 


-(i)C4H4(4)SO»Na 


Benzo* 
Brown B. 


I rrJNHj 
?3)N-N- 
{3)NHj 
( r)NH, 
(3)N-N- 

(3)NH2 

1(3)N.N-U)C.H,{<;1NH.^_ 


■(i)CioHi(j)SOiNa 

•(i)CioH»( 4 )SOiNa 


jFrom Bismarck 
Brown. 


(4)c.h.H'!5J{Jj 




From Bismarck 
Brown. 
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Character of 
dyestuS 

Reaction of aqueous 
sblution 

Reaction of dye with' 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown pow- 
der; brown 
solution. 

Orange. 

Violet ppt. 

Violet. 

Red. 1 

Liable to dye un- 
evenly. 

Brown pow- 
der; brown 
solution. 

No change. 

Brown ppt. 

Green. 

Brown ppt. 



Brown pow- 
der; ^ insol- 
uble in wa- 
ter, soluble 
in alcohol. 



Green. 

Red ppt. 

Used for colouring 
oils and var- 
nishes. 



Brown pow- 
der; brown 
solution. 

No change. 

No change. 

Reddish- 

brown. 

Yellowish- 

brown. 



Brown pow- 
der ; brown 
solution. 

No change. 

Brown ppt. 

Brown. 

1 

Brown ppt. j 

Fast to light and 
milling on wool. 

Brown pow- 
der; brown 
solution. 

Red. 

Violet ppt. 

Violet. 

Yellow. 



Brown pow- 
der; brown 
solution. 

Red. 

Brown ppt. 

Violet. 

Red. 



Brown pow- 
der; brown 
solution- 

Brown 

ppt. 

No change. 

Brown. 

Red. 

Converted by re- 
ducing agents 
into phenylene- 
diamine and tri- 
amino-benzene. 

Dark brown 
powder; 
brown so- 
lution. 

Orange 

ppt. 

Brown ppt. 

Violet. 

Brown. 

Direct cotton dye. 

Dark brown 
powder; 
brown so- 
lution. 

Brown ppt. 

Brown ppt. 

Violet. 

Brown ppt. 

Direct cotton dye. 

Dark brown 
powder; 
brown so- 
lution. 

Brown ppt. 

Brown ppt. 

Violet. 

Brown ppt. 

Direct cotton dye. 

Brown pow- 
der; brown 
solution. 

Brown ppt. 

Brown ppt. 

Brown. 

Brown ppt. 

Direct cotton dye. 
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Com- 

mercial 

name 

Formula 

Remarks 

Direct 
Brown J, 


From Bismarck 
Brown. 

Cloth Red 
G. Azo- 
coccine 
7 B. 


From N W acid. 

Crocein B. 

IN = N-C»Hs 

{i)OH 

(4)SO,Na 

i( 8 )S 05 Na 

Prom Sch. acid. 

Brilliant 

Crocein. 

Cotton 

Scarlet. 

r.H /N=N->C»Hi 
^»«<\N=N-(i)CioH4 

r(3)OH 
(6)SO»Na 
(8 SOiNa 

From T acid. 

Ponceau SS 
extra. 


f (a)OH ' From R acid. 

(slSOsNa i 

[(6)SO,Na 

Ponceau 5 
R. Ery- 
thrin X. 



Crocein 3B, 

fN = N-C«N 4 .CH» 

CiHi ■! CHj 

In-N-C.oH. 

From Sch. acid. 

Cloth Red 
G. 

(Oehler). 

rN-N-C«H4.CHi 

CbHj I CHj r 

From S acid. 

Cloth Red B 
(Oehler). j 

1 

fN-N-C«H 4 .CHj 
C*H, CH, f 

In-N-(i)CioH 4 

( 2 ( 0 H 

f3)S0jNa 

(6)SOjNa 

From R acid. 

ClothRcd B fN = N-C*H4.CHi 

(Bayer), j CtH, CH, ■ , , 

From N W acid. 

Cloth Red 3 
G. 

fN-N-C«H 4 .CHi 

CtHj 1 CHi r 

U-N-(OC.oHB{jggH5^^ 

From Br. acid. 

Bordeaux B 
X. 


From 8 acid. 

Ponceau 

4 R B. 
Crocein 
Scarlet 3 
B. 

fN-N-(i)C4H4(4)SO»Na 

Prom B acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric b<^ 1 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Dark brown 
powder ; 
brown s o- 
]ution. 

No change. 

Brown ppt. 

Brown. 

Brown ppt. 

Direct cotton dye. 

Brown pow- 
der; red so 
lution. 

Violet ppt. 

Red ppt. 

Violet. 

Red ppt. 

Precipitated from 
aqueous s 0 1 u- 
tion hy Glau- 
ber’s salt. 

Red powder; 
red solution. 

Violet. 

Violet ppt. 

Violet. 

Violet ppt. 

Acid dye for wool. 

Brown pow- 
der; red so- 
lution. 

Brown. 

Brown ppt. 

Violet. 

Brown ppt. 

Acid dye for wool. 

Brown pow- 
der; red so- 
lution. 

Violet. 

Violet ppt. 

Violet. 

Violet ppt. 

Acid dye for wool. 

Brown pow- 
der; red so- 
lution. 

Brown. 

Brown ppt. 

Violet. 

Red. 

Acid dye for wool. 

Drown pow- 
der; red so- 
lution. 

Violet. 

Violet ppt. 

Blue. 

Red. 

Acid dye for wool. 

Brown pow- 
der ; red so- 
lution. 

Brown ppt. 

Red ppt. 

Blue. 

Brown ppt. 

But sparingly sol- 
uble in water . 
Dyes chromed 
wool. 

Brown pow- 
der; red so- 
lution. 

Red ppt. 

Brown. 

Blue, 

Brown ppt. 

Dyes chromed 
wool. 

Red powder; 
red solution. 

Violet. 

Red ppt. 

Blue. 

j Red ppt. 

1 

! 

Dyes c h r 0 m ed 
wool. 

Red ppwder; 
red solution. 

No change. 

Brown ppt. 

Blue. 

1 Red ppt. 

Dyes chromed 

wool. 

Brown pow- 
der; red so- 
lution. 

Red ppt. 

Red ppt. 

j Brown. 

Brown ppt. 

Acid dye for wool. 
Soluble in alco- 
hol. 

Brown pow- 
der; red 

solution. 

Violet, 

Brown ppt. 

Blue. 

Red. 

Acid dye for wool. 
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Com- 

mercial 

mine 

Formula 

Remarks 

FastScarlet. 

Double 

Scarlet. 



Orchil Red 
A. 

CsHi 

fN = N-C6H»(CHj)2 

iN=N-(i)CioH4 WSOjNa 

1 ( 6 )SOsNa 

From R acid. 

Bordeaux 

B X. 

CsHj 

(CHj)= r moh 

Prom S acid. 

Bordeaux 

G. 

C*H, 1 


From S acid. 

Ponceau 6 

R B. 
Crocein 
Scarlet 7 
B. 

CsHi^ 


From B acid. 

Biebrich 

Scarlet. 

Ponceau B. 

Ponceau 3 
RB. 

Fast Pon- 
ceau B. 

New Red L. 

Imperial 

&arlet. 

CsHi j 

fN-N-(i)C«H 4 ( 4 )SO*Na 

SOiNa 

iN-N-(i)CioHi( 2 )OH 

! 


Ponceau S 
extra. 

Fast Pon- 
ceau 2 B. 

CeHi j 

'N-N-(i)UH 4 ( 4 )SO,Na 

SOiNa f{»)OH 

,N=N-(i)CioH 4 ( 3 )SO,Na 

L ( 6 )SOiNa 

From R acid. 

Orseillln 

B B. 

C»H» j 

CH, 

From N W acid. 

Manchester 

Brown 

EE. 

C«Hi| 

f(j)NHi.HCl 

'(3)N-N-(i)C.H, (4)NH. 

ISSSVhci 

,(i)N-N-(i)C8Hj I ^)NHj 

1(S)CH, 


Naphthy- 
lene Red. 

CioH» 


From naphthionic 
acid. 

Diamine 

Gold. 

Ci|)H4 

] f 3 )SO*Na 
( 7 )SO.Na 

[^5JN-N-(i}C«H4(4)OH 


Wool 

Black. 

CiHi j 

N-N~(i)CeH 4 ( 4 )SOjNa 

SOjNa 

N=N-(0CiiHb(2)C7HtNH 
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Character of 
dyestuff 

Reaction of aqueous 1 
solution 

Reaction of dye with 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Brown crys- 
tals; red 

solution. 

' Brown ppt. 

Yellow. 

Green, 

Red. 

Acid dye for wool. 

Brown ^w- 
der; violet 
solution. 

Brown ppt. 

Red ppt. 

Blue. 

Brown ppt. 

Acid dye for wool. 

Brown pow- 
der; red 

solution. 

Browner, 

Brown ppt. 

Green, 

Red ppt. 

Acid dye for wool, 
^luble in alco- 
hol. 

Brown pow- 
der; red 

solution. 

Violet. 

Red ppt. 

Blue. 

Red ppt. 

Acid dye for wool. 
Soluble in alco- 
hol. 

Brown pow- 
der; red 

solution. 

Violet ppt. 

Red ppt. 

Blue. 

Violet. 

Acid dye for wool. 

Brown pow- 
der; orange 
solution. 

Red ppt. 

Red ppt. 

Green. 

Red ppt. 

Acid dye for wool. 

Brown pow- 
der ; red 

solution. 

Violet ppt. 

No change. 

Blue. 1 

Orange. 

Acid dye for wool. 

Brown pow- 
der ; red 

solution. 

Velio wcr. 

Violet. 

Blue, 

Red, 

Acid dye for wool. 

Brown pow- 
der; brown 
solution. 

Brown ppt. 

Brown. 

BrowTi. 

Brown. 

Soluble in alco- 
hol. 

Red powder; 
red solu- 
tion. 

No change. 

Black ppt. 

Blue. 

Black ppt. 

Direct dye for 
cotton. 

Orange pow- 
der; yellow 
solution in 
hot water. 

Yellow ppt. 

Yellow ppt. 
Black with 
excess. 

Violet. 

1 Green. 

Direct dye for 
cotton. 

Soluble in alco- 
hol. 

Black powder; 
violet solu- 
tion. 

Violet ppt. 

Violet ppt. 

Blue. 

Brown ppt. 

i 

Acid dye for wool. 
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Com- 

raercial 

name 

/ 

Formula 

^ Remarks 

Fast Violet 
R. 

CioHe 

j {4)N-N-(i)CiH4(4)SOiNa 

From S acid. 

Jet Black 
R. 

C>aH. i ( 4 )N«N-CsHiCSOsNa)* 


Diamond 

Black. 

CioHb 

Iwn.n-wc..h.(<j|0Hj,^ 

1 From N W 

1 acid. 

Azonigrin. 

CioHe ■ 

((4)N-N-C.H,(0H 

[(i)N = N-(i)CioH6(2)OH 


Naphthyl- { P „ f a)N = N-CieH»(SOiNa)* 

amine | 1 N)N-N- (i)CioHe{ 4 )NHi 

Black D.: 


Xapthol 1 

BIack6B.! ‘ CioHe ■ 

Brilliant 

Black B.; 

[ (4)N = N — CioHs(SOiNa)i 

f (*)OH 1 

i (i)N=. N - (OCioHe ( 3 )SO,Na I 

1 (6)SOjNa 

From R acid. 

Anthiadte 
Black B. 

CioHe < 

‘(4)N = N-CioHj(SOeNaH 

[(>)N=N-(0C.H.(<’)|5HC.H. 


Azo- Black. 
Blue-Black 
B. 

CioHe . 

f(4)N=.N-CioH«.SOjNa i 

f ^*)OH 1 

[(i)N==N-{i)CioHe {3)SOiNa 1 

i (6)SOiNa 

From R acid. 

Violet- 

Black. 

CfiHe < 

[(i)N^N-(i)CidHi(4)NH* j 

[(4)N-N-WC,.H.{('jOH^^ 1 

From N W 
acid. 

Naphthol 

Blue- 

Black. 

CioHj < 

fN = N-C.Hi 

1 (i)NH* 

1 {8)OH 

1 ( 3 ) 50 , Na 
! (6)SO»Na 

.N = N-(i)C6H4(4)N03 

1 Prom H acid. 

Victoria 
Black B. 

CioHe 1 

'(i)N«N-(0CiH,(4)SOiNa 

r(i)OH 

. (4)N-.N - ( 4 ) CioHe (sjOH 

1 SOiNa 


1 


Clayton 

Wool 

Brown. 

CeH ■ 

UnHj 

N-N-CiH, 

N-N-^CiHeSOiNa 
, N “ N — C loH iSOeNa 


Cloth Red 3 1 

B extra. ; 

I 


From delta-acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid I 

Other charac- 
teristics 

1 w;ith 
sodium 
hydroxide 

With hy- 
droclUoric 
acid 

! With 
cone, 
acid 

On dilution 
with water 

Green powder; 
violet solu- 
tion. 

Brown ppt. 

Violet ppt. 

1 Blue. 

Violet ppt. 

Acid dye for wool. 
Soluble in alco- 
hol. 

Black powder: 
violet solu-j 
tion. 

Violet ppt. 

Black ppt. 

Blue. 

Blue ppt. 

Acid dye for wool. 
Soluble in alco- 
hol. 

Black powder;' 
violet solu- 
tion. 

Blue. 

Violet ppt. 

i 

Green, 

i Violet ppt. 

Soluble in alco- 
hol. 

Dyes chromed 
wool. 

Black powder; 
"black solu- 
tion. i 

No change. 

Red. 

Greenish, 

Red ppt. 

Acid dye for wooL 

Black powder; 
black solu- 
tion. 

No change. 

Black ppt. , 

Bluish. 

Black ppt. 

Acid dye for wool. 

Black powder;' 
violet solu- 
tion. 

Blue. 

No change. ^ 

Greenish, 

Violet ppt. 

Acid dye for wool. 

Black powder; 
violet solu- 
tion. 

No change. , 

Violet ppt. 

Black. 

Greenish, 

Acid dye for wool. 

Black powder; 
violet solu- 
tion. 

Blue ppt. 

Blue ppt. 

Green. 

Blue ppt. 

Acid dye for wool. 

Bronze pow- 
der; red 
solution. 

Violet. 

Violet ppt. 

Blue. 

Violet ppt. 

i 

Direct dje for cot- 
ton. 

Precipi t a t e d by 
magenta. 

Black powder; 
blue solu- 
tion. 

No change. 

Blue ppt. 

Green. 

Blue ppt. 

Soluble in alco- 
hol. 

Black powder; 
violet aolu- 
solution. 

Bluer. 

Redder. 

Blue. 

Reddish. 

Acid dye for w'oql. 

Brown pow- 
der; violet 
tion. 

Violet ppt. 

Violet ppt. 

Green. 

Violet ppt. 

Soluble in alco- 
hol. 

Acid dye for wool. 

Brown pow- 

No change. 

No change. 




der; brown 
solution. 




Brown pow- 
der; red 

solution. 

Brown ppt. 

Brown ppt. 

Green. 

Red. 

; Soluble in alco- 
{ hoi. 

'Acid dye for wool. 
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Com- 

mercial 

name 

Formula 

Remarks 

Fast Azo- 
Granat. 
Fast Pon- 
ceau. 

i WH, 

Developed on 
fibre. 

Milling 

Orange. 

CfiH. { (5SN=N-(3)C,H,(6)N-N-(3)CeHj { 

From salicylic 
acid. . 

Leather 

Brown. 

^'^*\(4)N = N(0C«Hs. <4)NH: 

l(5)N-N-(i)C6H4(4)NHC!HaO 



Heligoland 

Yellow. 

{ Si^N2N(i)C«H4(4)NH.CS.NH.C6H4.N = N.C«H«OH 



Tolylene 

Yellow. 

CiHj ■ 

(i)NHj 

(3)NH, 

(6 NOi f(2)CHi 

i(4)N-N(i)-C.Hi (s)SOai f(2)NH2 

i(3)N-N(i)-CsH, ( 4 )NH 2 
1(5)M02 

Tolylene d i a- 
mine sulphonic 
acid and m-ni- 
trophenylenc 
diamine. 

Janus 

Red. 

1 (3)N-N(i)C.H» ^ 

From amino- 
pheny l-«-tri- 
methyf ammo- 
nium chloride. 

Diphenyl 

Chrysoin 

RR. 

C«Hi| 

f(i)NO 

1 (4)CH»CH(i)C»Hj j (4j^*N(r)C«H4(4*)N- 

N(i)C«H4(4)OC!H| : 

From ethylation 
of tetrazo dye 
from nitroso- 
stilbene d i s u I- 
phonic acid. 

Dip^henyl 

Fast 

Brown G. 

C*Hj| 

[(i)NO 

1 (i)SOiNa / ( M 

i (4)CH-CH(i)C6Hj { (^)nJn%)CiH4(4)N- 

N(3)Ci(iH4 ] (3)SO*Na 

U7)NH.C*Hj 

From nitroso- 
stilbene d isu i- 
phonic acid. 

Diphenyl 

Catechin 

G, 

C.H?| 

f(i)NO ^ 

.(4)CH-CH{i)C*Hi { |4j^NO)CiH4(4)N- 
r(i)OH 

N(3)CioH*|ySOiNa 

1(j)N(CH.)7 

From nitroso- 
stilbene d i s u 1- 
phonic acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 
cone, 
acid ^ 

On dilution 
with water 

Brown 

powder; 

insoluble. 

Violet with 
alcohol 
solution. 


! 

Green. 

Red ppt. 

Soluble in a 1 c 0 - 
hol. Ingrain 
colour. 

Brown pow- 
der; orange 
solution. 

Red ppt. 

Yellow ppt. 

Violet. i 

Yellow ppt. 

Chrome dye for 
wool. 

Blaclc pow- 
der; brown 
solution. 

Brown ppt. 

Darker, 

Brown. ‘ i 

1 i 

1 ! 

1 Dye for leather. 

Brown pow- 
der; yellow 
solution. 

Redder. 

■ Brown ppt, 

1 

j Orange. 

Brown ppt. 

Direct dye for 
cotton. 

Yellow pow- 
der- yellow- 
ish-brown 
solution. 

Brown ppt. 

Brown ppt. 

Brown. 

Brown ppt. 

Dyes cotton from 
neutral bath. 

Red -brown 1 
powder; red 
solution. 

Bluish- 
•violet ppt. 

Brownish- 
red ppt. 

Green. 

Red ppt. 

j Dyes cotton on 
tannin and an- 
timony mordant . 

Reddish- 
brown pow- 
der; reddish 
orange solu- 
tion. 

Reddish- 
brown ppt. , 

Brownish- 
black ppt. j 

Pure blue. 

Brownish- i 
black ppt. 

Dyes unmor- 
danted cotton. 

Dark brown 
powder; yel- 
lowish hro-wn 
solution. 

1 Dark brown 
ppt. 

Brownish 
black ppt. 1 

Dark blue. 

Brownish- 
black ppt. 

Dyes unmor- 
danted cotton. 

Dark brown 
powder; yel- 
lowish- 
brown solu- 
tion. 

1 Dark brown 

ppt. 

Dark brown 

ppt. 

i 

1 

Blackish-vio-i 
let blue. 

Brownish- : 
black ppt. 

Dyes unmoT- 
danted cotton. 
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Polyazo-dyestuffs.— Many azo-dyestuffs containing 3, 4 and 
more azo-groups in the molecule are now manufactured and range 
in shade from violet to blue, green or black. As an example of these 
substances Chrome Patent Green may be cited, prepared by combining 
G acid, which is i-amino-8 naphthoI-4.6-disulphonic acid, successively 
with the diazotised dyestuff from diazotised amino-sa/icyiic add and 
a-naphthyhmine, and with diazo-benzene. Thus it has the formula: 

C,H3(COOH)(OH).N2.C,oH«,N2.C,,H2(NH3)(OH)- 

(S 03 Na),.Nj,CeH 3 . 

It is a chocolate-brown powder, soluble in water to a greenish blue 
solution, which gives a blue precipitate with hydrochloric acid and a 
bluish-violet precipitate with sodium hydroxide solution. In strong 
sulphuric acid it dissolves to a green solution which forms a black 
precipitate on dilution. It dyes wool to a dark bluish-green shade by 
the one bath method. 

Direct Cotton (Benzidine) Dyestuffs. 

These possess the characteristic property of dyeing cotton in a neu- 
tral or alkaline bath without a mordant. They all contain a sulpho- 
or carboxyl group, and occur in commerce as sodium salts. 

As already stated, all the colouring matters of this class dye cotton 
in a neutral or slightly alkaline bath without the aid of a mordant. In 
practice, the cotton is boiled in a solution of dye rendered alkaline by 
soap and sodium phosphate and carbonate. Borate, silicate, and 
stannate of sodium are also used. 

The benzidine dyes can also be used for wool, but an alkaline bath 
is an objection. With some of them a bath acidified with acetic acid 
can be employed. An after-treatment with copper sulphate solution 
also renders many of the benzidine colours faster to light on wool. 

The fastness against light and fulling of a number of the benzidine 
colours may be materially increased when dyed on cotton by a 
subsequent treatment with such metallic salts as copper sulphate, 
chromium fluoride, and potassium dichromate. In some cases the 
shade is not much altered by this process, while in others it is changed 
considerably, generally being rendered duller. 

The following tables show the constitution and reactions of im- 
portant dyes obtained from benzidine and its analogues. 
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The direct cotton dyes can be fixed on silk from a bath containing 
soap and sodium chloride; and mixed silk and cotton goods can be 
dyed with these colours in one bath. 

The benzidine dyes act as mordants to the basic aniline dyes. 

The following is a detailed description of some of the more important 
dyes from benzidine and its analogues: 

Chrysamin G, or Flavophenin is produced by the action of tetrazo- 
diphenyl chloride on sodium salicylate. It is sparingly soluble in cold 
but readily in boiling water. The solution has an orange colour, 
changed by sodium hydroxide to an orange-red, from which acids 
precipitate tetrazodiphenyl-disalicylic acid in orange flakes soluble in 
ether. ‘ Ch^samin is very sensitive to the action of copper compounds, 
its colour being darkened to a brown. Chrysamin differs from most 
of the other benzidine dyes in that its shades are very fast to light and 
soap. 

Congo-red forms a brownish- red powder, readily soluble in water 
to produce a blood-red solution. Very small quantities of dilute acids 
turn the liquid blue. Alkalies restore the red colour, and salts of 
neutral constitution, such as alum, ferrous sulphate, cupric sulphate, 
etc., do not act as acids. Hence it has been proposed to employ Congo- 
red as an indicator, but it has been shown byR. T. Thompson (/. 
Soc. CJiem, Ind.^ 1887, 6, 195) that its delicacy has been overrated. 
While not wholly unaffected by weak acids, such as carbonic and 
sulphydric, it fails to indicate the presence of acetic acid in presence 
of 12 times the quantity of sodium acetate. Congo-red dissolves in 
strong sulphuric acid with slate-blue colour, which is not changed by 
dilution. Congo-red dyes cotton a bright crimson-red, but the colour 
is far from permanent. On wool the colour is rather more scarlet, 
brighter, and more stable than on cotton, 

Benzopurpurin 4 B is the next higher homologue of Congo-red. 
It forms a dark brownish -red powder, soluble in water with orange-red 
colour, which is unchanged by alkalies. From strong solutions, dilute 
acids throw down a reddish-brown precipitate resembling ferric hydrox- 
ide. In a hot bath containing soap or alkaline carbonate, benzopur- 
purin dyes cotton a fine scarlet. The colour is almost unaffected by 
dilute acids, and is much faster to light than Congo-red. 


* The naphthol-azo colours have been employed in the colouration oi sand for «peri- 
ftiental purposes in hydraulic engineering, where it is desirable to uk sand of different 
colouM, which colours must resist the action of water and friction ^irly well. The dyes 
^ dissolved in sodium hydroxide, and the sand is treated with the diluted solution. 

VoL. V.— la 
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Com- 

mercial 

□ame 

Pormula 

Remarks 

From Btn~ 
tidinr. 
Chrysamin 
G. 

Flavophen- 

in. 

C,H.-N-N-U)C.H.fWg«H 

ijl.- N - N - (4 )CAIi I 

From salicylic 
acid. 

Congo Yel- 
low. 

C»H4-N=N~NH(4)C«H<(i)SO>Na 

iiH*-N-N~(4)CjH«(0OH 

From sulphanilic 
acid and phenol. 

Congo Red. 

C 1 H 4 - N = N - (a)CioHs { 

From naphthionic 
acid. 

Brilliant 
Congo G. 

1 (65SO,Na ! 

C»H4-N«N~(r)Cii.H4 3)SO,Na ' 

Ua)NH, j 

From R acid. 

Sulphanil 

Yellow. 

Parasul- 

phnrinS. 

C 4 H 4 - N == N- NH(4)C#H4(i)SO»Na 

C 1 H 4 - N - N -NH(4)C4H4COSO»Na 

From sulphanilic 
acid. 

Azo-oiseil- 

lin. 

C.H.-N.N-(OC,.H.|W™f,^ 

Prom N W acid. 

Bordeaux 
Extra. 
Congo Vio- 
let. 

Bordeaux 
CO V, 

i.H.-N-N-(.)Ci.H, ( 

j From acid. 

Congo Cor- 
inth G. 


Prom N W acid. 

Congo G. 

C«H4- N = N - NH(i)C4H4{3)80iNa 

From sulphanilic 

1 and naphthionic 
! odd. 

Alkali Red. 

C.H.-N.N-(OC,.H.mNo%^ 

From naphthyl- 
: amineaisul- 
phonic and naph 
thionic acids. 

Congo P. 

C4H4-N-N'-(i)Ci 8H4 { SSisOjNa 

I (sisOiNa 

C4H4-N-N-(i)C«H4(4)OH 

From G acid. 

Direct Red 
B. 

Diamine 
Scarlet B. 

^H4-N-N-(i)C4H4(4lOCrHi 

ieH4-N-N-(i)CnH4 1 S&a 
l{8)SOiNa 

From G acid. 
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Character of 
dyestuS 

Reaction of aqueous | 

solution 1 

Reaction of dye with j 
sulphuric acid 

Other charac- 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone, 

acid 

On dilution 
with water 

’ teristics 

Brown pow- 
der; yellow 
solution. 

Brown. 

Brown ppt. 

Violet, 

Brown 

ppt. 

Brown ppt. with 
acetic acid. 

Yellow paste; 
yellow solu- 
tion. 

Brown. 

Brown ppt. 

Red. 

Brown 

ppt. 

Brown ppt. with 
acetic acid. 

Brown pow- 
der; brown 
solution. 

Brown 

ppt. 

Blue ppt. j 

Blue. 

Blue ppt. 

Violet ppt. with 
acetic acid. 

Brown pow- 
der; red solu- 
tion. 

No ebanse. 

Violet ppt. 

Blue. 

Violet ppt. 

Precipitated by 
magenta. 

Yellow paste; 
yellow solu- 
tion. 

No change. 

i 



1 

nitrogen 
evolved on 
beating. 



Violet paste; 

. violet solu- 
tion. 

Red. 

Violet ppt. 

Blue. 

Violet ppt. 



Brown pow-i 
der; red solu-j 
tion. 1 

Yellower. 

Violet ppt. 

Violet. J 

! 

Violet ppt. 

1 



Black powder; 
red solution. 

Redder. 

Violet ppt. 

Blue. 

j Violet ppt. 

Violet solution 
with acetic acid. 
Precipitated by 
magenta. 

Brovm pow- 
der; red solu- 
tion. 

No change. 

Blue ppt. 

j Blue. 

I 

! 

Blue ppt. 

Violet ppt. with 
acetic acid. 

Red powder; 
red solution. 

No change. 

Blue ppt. 

Blue. 

Violet ppt. 

Slightly soluble 
in alcohol 
Obsolete. 

Red powder; 
red solution. 

Brown. 

Brown ppt. 

Violet. 

Brown. 

Soluble in alco- 
hol. 

Red crystals; 
red solution. 

No change. 

Brown. 

Violet. 

Brown. 

Soluble in alco- 
hol. 

Acid dye for wool. 



DYES AND COLOURING MATTERS. 


i8o 


Com- 

mercial 

came 

Fo^ula 

Remarks 

aoth 

Orange. 

C«H«-N = N-(4)C*Hj| 

) 0 H 

)COsH 

l(3)OH 

Fromsalicylic 

acid. 

C 6 H 4 -N=N-(a)CioH» 

)OH 

)COiNa 

\ (4)SOsNa 

From salicylic 
acid. 

‘'“wnO.! C.H.-N-N-C.H.{J; 

1 C«H 4 -N-N-(i)CioHi 

lOH 
)COjH 
; (s)0H 
t{7)OH 

From salicylic 
acid. 

Clotli 
Brown R. 

C.H.-N.N-C.H.{SjjOHNa 

C«H«-N-N~CioHs 

From salicylic 
acid. 

Carbazol 

Yellow. 


From salicylic 
acid. 

Congo 
Brown R. 

1 fO)OH 

C«H4-N=-N- (4)C«Hi I (3)0H • 

t( 3 )N-N->-(i)CiiiH*{ 4 )S 03 Na 

iFrom Cloth 
Orange with 

1 naphthionic 

1 acid. 

Congo 
Brown G. 

C.H,-X = N--(4KJI.(g!gHNa 

I (i)OH 1 

CiH4— N = N-(4)C«Ht 1 MOH 1 

Ua N-N-(i)C«H«(4)SOj\a 

From Cloth 
Orange with 
sulphanilic acid. 

Hessian f(i)OH 

Brown B ; CsHr-N “N-(2)CiHs | (3 OH 

B. 1 1 4)N-N-(i)CiH«(4)SOjNa 

I f(x)OH 

CsH4-N'=.N-(a)CiHj| (3)0H 
' U 4 )N-N-(rKeH 4 ( 4 )SOjNa 

From Resorcin 
Yellow. 


Prom N W acid. 

Direct Grey 
R. 

C.Hi-N=»N-CiflHi| 

CeH«-N-N-CtflHi| 

{OH)i 

COiNa 

SOjNa 
(OH) I 

COjNa 

SOjNa 

From ^-hydroxy- 
naphthoic 
aetd, 

Diamine 
Black R. 

C 4 H 4 -N-N-Ci 4 Hi 

C«H4-N-N~Ci(iH4 ■ 

(j)NHr 
(8)OH 
( 6 ) 50 tNa 
a NHi 
(8 OH 
(6 SO,Na 

From G acid. 
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Character of 

[ Reaction of aqueous 
solution 

i Reaction of dye with 

1 sulphuric acid 

Other charac- 
teristics 

dyestvifE 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid I 

With 

cone. 

acid 

! 

On dilution 
with water 

Brown pow- 
der; brown 
solution. 

Red ppt. 

Brown ppt. 

Violet. 

Brown ppt. 

Soluble in alco- 
hol. 

Dyes chromed 
wool. 

Red crystals; 
orange sohi- 
tion. 

Orange ppt. 

Violet. 

Violet. 

Violet ppt. 


Brown pow- 
der; brown 
solution. 

Brown -red. 

Brown ppt. 

i Violet. 

1 

Brown ppt. 

Soluble in alco- 
hol. 

Dyes chromed 
wool. 

Red powder; 
brown solu- 
tion. 

Red ppt. 

Brown ppt. 

Violet. 

Brown ppt. 

Dyes chromed 
wool. 

Y ellow pow- 
der; yellow 
solution. 

Orange. 

Brown ppt. ; 

Blue. 

Brown ppt. ; 


Red powder; 
red solution. 

Red. 

Brown ppt. 

Violet. 

1 Brown ppt. 

, Soluble in alco- 
1 hoL 

Brown pow- 
der; brown 
solution. 

Red. 

j 

Brown ppt. i 

Violet. 1 

i 

Brown ppt. 

Soluble in alco- 
hol. 

Brown pow- 
der; brown 
solution. 

! 

Red. 

Brown ppt. 

Black. 

Brown ppt. 

i Soluble in alco- 
hol. 

Grey powder; 
brown solu- 
tion. 

No change. 

Black ppt. 

Blue. 

Black ppt. 


Grey powder; 
■vrolct solu- 
tion. 

Violet red. 

Grey ppt. 

i 

Blue. 

Grey ppt. 


Black pow- 
der; violet 
solution. 

No change. 

Blue ppt. 

Blue. 

Blue ppt. 

Soluble in alco- 
hol. 
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DYES AND COLOURING MATTERS, 


Com- 

mercial 

name 

Formula 

Remarks 

Diamine 
Fast Red. 

f(a^NH, 

C*H«-N-N-(i)CioH< (SjOH 
j i, («SO*Na 

From G acid. 

Diamine 
Brown V. 

C(H<-N-N-CnH<| 
CfH)-N = N-(4)C»H; 

(а) NHi 
(8)0H 

(б) S0iNa 

From G acid. 

Diamine 
Violet N. 

f(2)NHi 

CiHi-N-N^(i)Ci»H*|(8)0H 

1 L(6)S0iNa 

! f(3)NH, 

C»H4-N==N-(i)Ci{iHi \ (8)0H 

L(6 SOjNa 

From G acid. 

Diamine 
Blue B B. 

C«H«-N-N-CiohJ 
jiHi-N-N-CioHi 1 

(i)NHi 

(8)0H 

(3)S0»Na 

(6jS0*Na 

0 NH, 

(8 OH 

(3)SOtNa 

{6)SOiNa 

From H acid. 

i 

Diamine | 
Bronze G. 

C*Hr-N=*N-C*H* \ 
cIh4~N-N-CioH,. 

'{i)OH 

1 ialCOjNa 

I OH 
(j)SOiNa 

From H acid. 

*Diamine 
Green B. 

C*H4-N-N-(4)CiH 

C«H4~N=^N-CioHi- 

4(rlOH ! 

(i)OH 
<2)NH, 

(3)S0,Na 

(6)S0tNa 

IN-N-(i)CiH4(4)NO! 


Sulphonc 

Azurin. 

yr u I SOiNa 

/UHi 1 _ N - (i)C3QH»(3)NHCeHi 

SO-* J 

From benzidine 
sulphone. 

Cotton 

Bordeaux. 

1 m>C-N-OH 

From diamino -di- 
phenylene-ketox- 
ime with naph- 
thionic acid. 

Diamine 
Red NO. 

CiHi { 

CiH4-N-N-(i)CioH. 

1(6 SOiNa 

1 7)S0iNa 

1(3)NH, 

Prom ethoxy- 
benzidine. 

Diamine 
Blue B. 

C*Hi { 

C«Hi-N-N-(3)CioH» 

(2)0H 
(3 SO»Na 
, 7)S0»Na 

{»• 

Prom ethoxy- 
benzidine. 





CLASSIFICATION OF DYES AND COLOURING MATTERS. 


Character of 

1 Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charao 
teristics 

dyestuff 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone, 

acid 

On Dilution 
with water 

Red powder; 
red solution. 

No change. 

Brown ppt. 

Blue. 

Brown ppt. 

Soluble in alco- 
hol. 

Black powder; 
red solution 
in hot water. 

Brown ppt. 

Brown ppt. 

Violet. 

Brown ppt. 

Soluble in alcohol. 

Brown pow- 
der; violet 
solution. 

No change. 

Black ppt. 

Blue, 

Violet ppt. 


Grey powder; 
violet solu- 
tion. 

No change. 

No change. 

Blue. 

Violet. 


Black powder; 
brown solu- 
tion in hot 
water. 

Yellower. 

Purple ppt. 

Violet. 

Black ppt. 


Black pow-' 
der; green 
solution. 

Yellower. 

Black ppt. 

Violet. 

Black ppt. 

Soluble in alco- 
hol 

Dark blue 
. powder; 
olue solu- 
tion. 

Blue ppt. 

Blue ppt. 

Violet. 

Violet ppt. 

Soluble in alco- 
hol. 

Brown pow- 
der; violet 
solution. 

Violet ppt. 

Blue ppt. 

Blue. 

Blue ppt. 


Green crys- 
tals; red so- 
lution. 

No change. 

Violet ppt. 

Blue. 

Black ppt. 

Soluble in alco- 
hol. 

Bronze pow- 
der ; blue so- 
lution. 

Violet. 

Blue ppt. 

Blue. 

Blue ppt. 
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DYES AND COLOURING MATTERS, 


Com- 
mercial i 
same 

Formula 

Remarks 

Diamise 
Blue 3 R. 

C.H,-N=N-WC..H,{(jjO«j,^ 

From ethoxy- 
benzidine and 
N W acid. 

Diamine 
Black B. 

C«H« { ^15n^c‘s)CioH« I (sioH* 

(6 SO,Na 

1 (3)NH, 

CsH4-N«N-{5)CioH4 (8 OH 

1 (6)S0iNa 

From ethoxy- 

benzidine and 
G acid. 

Diamine 
Blue- black 
E, 

r.H. 1 f{3}0H 

C*Hi 1 = N - (OC 10 H 4 ( 3 )S 0 jNa 
( 7 )S 0 jNa 

1 {3)NH» 

C«Hi-N=N-(s)CioH4 (8)0H 

i (6)S0jNa 

Prom ethoxy- 

benzidine and 
G acid. 

Benzo- 
azuris G. 

r.H, fWnH * 

From dianisidine 
and N W acid. 

Azo-violet, 


From dianisidine 
and N W acid. 

Helio- 

trope. 


Prom dianisidine 
and S acid. 

Benzo-azu- 
rin 3 G. 


From dianisidine 
and Lacid. 

Benzo-pur- 
^uiin 10 


From dianisidine 
and naphthionic 
acid. 

Brilliant 
Azurin ! 
5G. 

P(J?LT'C..H. 

f(i)OH 

8)0H 1 

4 SOzNa 1 

f I OH 
( 8 )OH 
i ( 4 )S 0 »Na 

From dianisidine. 

Diamine 
Sky Blue, 


(ONHt 
(8)0H 
(3 SOjNa 

1 

? 8 )OH ' 

3 SOiNa 
(6)S0iNa 

Prom dipheneti- 
dine and H acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Black pow- 
der; ^ violet 
solution. 

Redder. 

No change. 

Blue. 

Violet ppt. 

Soluble in alco- 
hol. 

Black pow- 
der; blue so- 
lution. 

No change. 

Blue ppt. 

Blue. 

Violet ppt. 

Soluable in alco- 
hol. 

Yields ingrain 
colours. 

Black . pow- 
der ; blue so- 
lution. 

No change. 

Blue ppt. 

Blue. 

Blue ppt. 


Black pow- 
der; violet 
solution. 

Red. 

Violet ppt. 

Blue. 

Violet ppt. 

Dyed colour be- 
comes red on 
heating and blue 
again on cooling. 

, Precipitated by 
i magenta. 

Blue powder; 
violet solu- 
tion. 

Red. 

Blue ppt. 

Blue. 

Blue ppt. 

i Violet colour 
with acetic acid. 
Precipitated by 
magenta. 

Brown pow- 
der; red so- 
lution. 

No change. I 

Violet ppt. 

i 

<Blue. 

Violet ppt. 

1 

Violet colour with 
acetic acid. 

Black pow- 
der; violet 
solution. 

Violet red. 

Violet ppt. 

Blue, 

Violet ppt. 

Soluble in alco- 
hol 

Red powder; 
red solution. 

Red ppt. 

Blue ppt. 

Blue. 

• Blue ppt. 

Soluble in alco- 
hol. 

Black pow- 
der; violet 
solution. 

Red. 

Blue ppt. 

Greenish- 

blue. 

Violet ppt. 

Soluble in alco- 
hol. 

Grey powder; 
blue solu- 
tion. 

Redder. 

No change. 

Green. 

Blue. 
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DYES AND COLOURING MATTERS. 


Com- 

mercial 

name 

Formula 

Remarks 

Benzo 

Black 

BlueG. 

■ 'iN-N-WCH.IgOHNa 

From N W acid. 

New Red. 

|««*\N-N-(4)C.Hi j 
CBHi-N = N-(2)CtoHs j 

(r)OH 
, 2)C02Na 
^)0H 
.{4)SO»Na 

From nitrobenzi- 
dine. 

Direct 

Blue B. 


.COiNa 

OH 

SOjNa 1 

From dianisidine. 

Benzo In- 
digo blue. 

' C.H. ! 

Y‘“MN-N-(4)C,oH,(i)NH2 

CiH* 1 ( 3 )CCiHs f SO»Na 

\rJ = N-( 4 )C.oHi (r)OH 

L(8)0H 

From ethoxyben- 
zidine. 

Glycin 

Corinth. 

CiHi-N- N= (i)CiaH 8 ( 4 )NH.CHi.COsNa 
(!<H4-N= N- (i)CioH»( 4 )NH.CHj.COjNa 


Glycin 

Red. 

C,H, - N - N- (i)Ci»H.( 4 )NH.CHi.COiNa 


Glycin 

Blue. 

CsHi-ia j)CjoH. ( 5"^>H.CHt,C0iNa 

1 >so, 

C*H|~ N - N - (i)CioH 8 ( 4 )NH.CH,.CO*Na 


Heliotrope 

2 B, 

C»H4-N=-N-(i)CioHi{ 

CiH4-N*N-(j)CioH4 

(2)0H 

8)S0iNa 

(i)OH 

{ 4 )SOiNa 

(8)SOiNa 

From Sch. acid. 

Rouge M. 

C«H4-N-N-(i)CioHi { 
(!:jl4-N3.N-(2)CioH4 < 

(2)NH, 

(4}0H 

0)NH* 

( 4 )SOiNa 


Oxamine 

Violet. 

C|H4-N-N-(3)CiaH4 

1 

C|H4-N = N-(3)CioH4 

(r)OH 

hjSOjNa 

{6)NHi 

Moh 

( 3 )SO,Na 


Anthracene 

Red. 

CiH»{Sj-^Ni(OCsH, / 

C»H4-N-N-(3)CioHi 

( 3 )COtNa 

UjOH 

(i)OH 

U)SOjNa 

From salicylic 
and N W acids. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Black pow- 
der; blue 
black solu- 
tion. 

Blue. 

Blue ppt. 

Green. 

Blue ppt. 


Red powder; 
red solution 
in hot water. 

No change. 

Red ppt. 

Red. 

Orange. 

Acid or chrome 
dye for wool. 

Black pow- 
der; blue 
solution. 

Violet. 

Black ppt. 

Blue. 

Violet ppt. 

Soluble in alco- 
hol. 

Grey powder; 
bluesolu- 
tion. 

Violet ppt. 

Blue ppt. 

Blue. 

Blue ppt. 


Brown pow-' 
der; violet 
solution. 

Red ppt. 

Violet ppt. 

Blue. 

Violet ppt. 

Soluable in alco- 
hol. 

Direct dye for 
cotton. 

Brown pow- 
der; orange 
solution. 

Orange ppt. 

Violet ppt. 

Blue. 

'1 

Violet ppt. 

r/ 

Soluble in alco- 
hol. 

Direct dye for 
cotton. 

Dark powder; 
red solution.. 

Red ppt. i 

Violet ppt^i 

l^/^iolet ppt. , 

j 

Soluble in alco- 
hol. 

Direct dye for 
cotton. 

Grey powder; 
violet solu- 
tion. 

Redder. 

Violet ppt. 

Blue. 

Violet. 

Soluble in alco- 
hol. 

Direct dye for 
cotton. 

Red powder ; 
red solution. 

Orange. 

Brown ppt. 

Blue, 

Colourless. 

Direct dye for 
cotton. 

Green pow- 
der; violet 
solution. 

V'iolet ppt. 

Violet ppt. 

Blue. 

Violet ppt. 

Soluble in alco- 
hoL 

Direct dye for 
cotton. 

Brown pow-i 
der; rea so- 
lution. 

No change. 

Red ppt. 

Red. : 

Brown ppt. 

Soluble in alco- 
hol. 

Acid and chrome 
dye for wool. 
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DYES AND COLOURING BIATTERS. 


Com- 

mercial 

name 

Formula 

Remarks 

Dianisi- 
dine Blue. 

CbHi^ 

Lut] 

f (alO.CHi 

lN-N-(i)CiflH4(3)OH 

P(3)O.CHi 

tN=N-(i)CioHi(3)OH 

Developed on the 

1 fibre. 

Diamine 
Pure Blue. 
Benzo 
and Congo 
Pure 
Blues. 


(i)OH 
(3 SOaNa 
mjSOaNa 
r 8)NHj 
(i)OH 
( 3 )SOaNa 
(^iSOsNa 
l( 8 )NHj 

1 From H acid. 

Tolylene 
Brown G. 

N 

1 

N 

f (ilCHi 

-( 3 )CiHi U SOjNa 

iWN 

f(4)N 

-(3)C8Hs{ s)NH» 

Uonh, 


Tolylene 

Orange 

R. R. 

C*H*' 

f{3)N-N-(i)CiBHi(3)NH2 

(SjSOiNa 

(sKHi 

l,(6)N-N-(i)Ci6H8{3)NHt 


Dianil 

Black. 

r H./SOiNa f (*)N-N-C6 Hi(NHi)j 

1 N=N(0 -CioHi h6)SO»Na 

1 U8)OH 

C.H<-N-N(i) 

1 f(3)N-N-C.Hi(NHj)j 

C 10 H 4 (6)SOiNa 
l(8)OH 

From Y acid. 

1 

Pyramine 

Orange. 

kn, ^ (»)so»Na 

^*^*\N=-N-(i)C«Hs 

’(alNHs 
{4}nHi 
, S)NOt 
(3 )NHs 
(4 NH* 

.(S NOa 


Diamine _ 
Catechin. 

C 10 H 4 

f01N=N-(i)C.oH»(4)OH 
i 3)SOiH 

7 SO,H 

s)N“N-(i)C,oH4(4)OH 

From diazotiscd 
Naphthylene 
Violet; devel- 
oped on the fibre. 

Naphthyl 
Blue 3 B. 

r.HJ<3>COtNa j 

y*H>\N-N-CioH4 

ktr / ( 3 )COiNa 

1 ^»”»\N-N^CioH4 

'(i)NH.CO.C»H» 

(8)OH 

.(slSOiNa 1 

' i)NH.CO.C»Hi 1 

(8)OH i 

, 5)S0iNa 

From ortho di- 
amino-diphenic 

acid. 

Benzo 

Olive. 

C4H4-N-N-{i)C4Hi{j3jCO,Na 

kH4“N»-N-(i)CioH»(4)N-N~CioHi f NHi 

1 l(SOiNa)i 

From H acid. 

Benzo black 
Blue s G. 

CiHi { J?L^!?Ci.H.a)N-N-Ci.H< 1 

From S acid. 
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Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other c^rac- 
teristics 

dyestuff 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With ! 

cone, I 

acid 

On dilution 
with water 




1 1 

Ingrain colour. 






Black pow- 
der; "blue so- 
lution. 

Redder. 

No change. 

Green. 

Blue. 

Direct dye for 
cotton. 

Brown pow- 
der : brown 
solution. 

No change. 

Brown ppt. 

Red. 


Direct dye for 
cotton. 

Red powder; 
orange solu- 
tion. 

Orange ppt. 

Brown ppt. 

1 

Blue. 

i 

i 

Soluble in alco 
hoi. 

Direct ■ dye for 
cotton. 

Black pow- 
der; soluble 
in water. 

Precipitate. 

Precipitate. 

Dark blue. 

Black ppt. 

Direct cotton 
dye. 

Red powder; 
orange solu- 
tion. 

Orange 

ppt. 

Orange ppt. 

YeUow. 

Orange ppt. 

i 

Direct dye for 

1 cotton. 






Ingrain colour. 






Blue powder; 
blue solution. 

Violet. 

Violet ppt. 

Blue. 

Violet ppt. 

Soluble in alco- 
hol. 

Direct dye for cot- 
ton. 

Black powder; 
green solu- 
tion. 

Brown. 

Green ppt. 

Violet. 

Black ppt. 

Direct dye for 
cotton. 

powder; 
blue solution. 

No change. 

Green ppt. 

Green. 

Green ppt. 

Direct dye for 
cotton. 
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DYES AND COLOURING MATTERS, 


Coin- 

mercial 

name 

Formula 

Remarlcs 

Alizarin 

Yellow 

P S. 

M N-N-COI. 

(M — magenta base, ) 

From Magenta 
and sa Hey lie 
acid. 

Mekong 
Yellow G. 

C.H.-N-N-Cai.{0«jja 

C«H4-N-N-C#HsOH 1 

From salicylic 

acid. 

FromDiant~ 

ino-pktnyl- 

tolyl. 

Direct Yel- 
low. 


From salicylic 
acid. 

Direct Red. 


From naphthi* 
onic acid. 

Diamine 
Yellow W. 

C«H 4 -N=N-( 4 )C.H 4 (r)OCjHi 

From salicylic 

acid. 

From Toli- 
dine. 

Chrysamine 

R. 


From salicylic 
acid. 

Tolylene 
Orange G. 

9*”*(rJ^N-(4)C4H2| 

(i) OH 

(a COiNa 

( j) SOiNa 

ONH, 

(3 NH* 

(6)CHi 

From c resotic 
acid. 

Tolylene 
Orange R, 


(6)CHj 

ilNHi 

3)NHj 
, 5 SOiNa 
(6)CHi 

0)NHj 

Wnhj 

(s)SOiNa 


Rosazurin 

G. 


From 8 aci<J- 
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Character o£ 
dyestu£f 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown paste; 
insoluble in 
water. 

Orange 

solution. 


Green. 


Slightly soluble 
in alcohol. 

Chrome dye for 
wool. 



Brown pow- 
der; brown 
solution. 

Brown ppt. 

Brown ppt. 

Violet, 

Brown ppt. 

Direct dye for 
cotton. 

Brown pow- 
der; yellow 
solution. 

Brown. 

Brown ppt. 

Red. 

Brown ppt. 

Soluble in alco- 
hol. 

Red powder;! 
red solution. 

Red ppt. 

Blue ppt. 

Blue, 

Blue ppt. 

Soluble in alco- 
hol. 

Yellow pow- 
dert yellow 
solution. 

Orange 

ppt. 

Green ppt. 

Violet. 

Brown ppt. 

Soluble in alco- 
hol. 

Brown pow- 
der; yellow 
solution. 

Brown. 

Brown ppt. 

Violet. 

Brown ppt. 

Brown ppt. with 
acetic acid. 

Orange pow- 
der; yellow 
solution. 

Redder. . 

Brown ppt. 

Red. 

Brown ppt. 



Red powder ; 
orange solu- 
tion. 

No change. 

Violet ppt. 

Brown. 

Red ppt. 



Drown pow- 

No change. 

Violet ppt. 

1 

Blue. 

Violet ppt. 


der; red 
solution. 
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DYES AND COLOURING MATTERS. 


Com- 

mercial 

name 

Formula 

Remarks 

Rosazurin 

B. 


From j acid. 

Diamine. 
Red 3 B. 
Delta puj"- 
purin 7 B. 


From S acid . 

Brilliant 
Piirpurin, I 

V*"»\N = N-(i)CtoH4 (3)SOjNa 
l( 6 )S 0 iNa 

From naphthi- 
onic and R 
acids. 

Congo 
Orange R. 

[ (6)SOjNa 

\ N= N - (i)C«H 4 ( 4 )OC.Hl 

From R acid and 
phenol. 

Azo Mauve. 

Y«^*\N = N~-CioH, OH 

i(SOiNa)* 


Cotton Red. 


From naphthionic 
acid. 

Azo Blue. 


From N W acid. 

Congo Cor- 
inth B. 


From N W acid. 

Benzopur- i 
purin 4 B.: 
Eclipse 

Red. 

Imperial 

Red. 

Victoria 

Red. 

! 

Prom naphthionic 
acid. 

Benzopur- 
purin 6 B. 


From L acid. 
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Character of 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

dyestuff 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown pow- 
der; _ red 
solution. 

No change. 

Violet ppt. 

Blue. 

Violet ppt. 


Brown pow- 
der; _ red 
solution in 
hot water. 

Red ppt. 

Brown ppt. 

Blue. 

Brown ppt. 

Violet ppt. with 
i acetic aid. 
Precipitated by 
magenta. 

Red powder; 
red solution. 

Red ppt. 

Black ppt. 

Blue, 

Black ppt. 

Soluble in alco- 
hol 

Orange pow- 
der; orange 
solution. 

No change. 

Brown ppt- 

Blue. 

Brown ppt. 

Soluble in alco- 
hol. 

Black pow- 
der; violet 
solution. 

No change. 

Violet ppt. 

Blue, 

Violet. 


Red pxjwder ; 
red solution. 

No change. 

Blue ppt. 

Blue. 

Blue ppt. 


Black powder; 
violet solu- 
tion. 

Red. 

Violet ppt. 

Blue. 

Violet ppt. 


Black powder; 
red solution. 

Cherry- red. 

Violet ppt. 

Blue. 

Violet ppt. 

Bluer solution 

with acetic acid. 
Precipitated by 
magenta. 

Brown pow- 
der; red solu- 
tion. 

No change. 

Blue ppt. 

Blue. 

Blue ppt. 

Brown ppt. with 
acetic acid. 

Red powder; 
oran^ solu- 
tion. 

Red. 

Blue ppt. 

Blue. 

Blue ppt. 

Blue ppt. with 
acetic acid. 


VOL. V.— 13 
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DYES AND COLOURING MATTERS. 


Com- 

mercial 

name 

Formula 

Remarks 

Benzopur- 
purin B. 


From Br acid. 

Deltapur- 
purin 5 B. 


From 5 aod Br 
acids. 

i 

Brilliant 
Congo R. 

C*H, {^=k-(i)CioH 5{ 
C«Hi {rj2^N-(i)CniH4| 

(2)NH, ' 

(6)SO,Na 

(2)NH, 

3 )SO,Na 

(6)SO,Na 1 

From Br and R 
acids. 

Congo Red 


From naphthionic 
acid and resor- 
cinol. 

Diamine 
Blue 3 B. 


(8)OH 

(3)S0iNa 

{ (6)S04Na ! 

<i}NHs 
(8 OH 

1 (3) SOiNa I 

t (6)SO,Na 

From H acid. 

Diamine 
Blue B X. 


(i)OH 

( 4 )SO,Na 

(i) NH, 

8) OH 

(j) SO,Na 
(6) SOiNa 

Prom N W and H 
acids. 

Hessian 
Brown M 
M. 

' f0)OH 

■ Y“MN-N-(3)CiHj 3 OH 

4 N”N-(i)C«Hi(4)SOiNa 

[(4)N-N-(i)C6H4{4)S0|Na 

From Resorcin 
Yellow. 

Benzo 

Black 

Blue R. 

?H i ^ 

From N W acid. 

Direct 

Grey B. 


(OH), 

CO,Na 

SOjNa 

(OH), 

COiNa 

,SOtNa 


Direct 

Blue R. 

■ <!.h.{Sj).chLc„„.| 

iPH)* 

COjNa 

.SOiNa 

OH 

SOiNa 
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Character of 
dyestuff 

Reaction of aqueous 
Solution. 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics. 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone, 

acid 

On dilution 
with water 

Brown pow- 
der ; brown 
solution. 

No change. 

Brown ppt. 

Blue. 

Brown ppt. 

Brown solution 
with acetic acid- 

Brown pow- 
der; orange 
solution. 

Red ppt- 

Brown ppt. 

Blue. 

Brown ppt. 

Brown solution 
with acetic acid. 

MgS 04 ppts. the 
diamine red 
present. 

Brown pow- 
der; red solu- 
tion. 

Orange 

ppt. 

Brown ppt. 

Blue. 

Black ppt. 

Bluer solution 
with acetic acid. 
Precipitated by 
magenta. 

Brown pow- 
der; red solu- 
tion. 

No change. 

Violet ppt 

Blue. 

Violet ppt. 

Brown ppt. with 
acetic acid. 

Grey powder; 
violet solu- 
tion. 

No change. 

Violet ppt. 

Blue. 

Violet ppt. 


Blue powder; 
violet solu- 
tion. 

Redder. 

Violet ppt. 

Blue, 

Violet ppt. 

Soluble in alco- 
hol. 

Brown pow- 
der; brown 
solution. j 

Redder. 

Drown ppt. 

Black. 

Brown ppt. 

Soluble in alco- 
hol. 

Black pow- 
der; violet 
solution. 

Blue ppt. , 

Violet ppt. 

Blue. 

Violet ppt. 

Soluble in alco- 
hol 

Black pow- 
der; violet 
solution in 
hot water. 

Redder. 

Grey ppt. 

Blue. 

Grey ppt. 

Shades are fast 
to light. 

Bl^k pow- 
der; violet 
solution. 

Redder. 

Violet ppt. 

Blue, 

i 
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Com- 

mercial 

name 

Formula 

1 

Remarks 

Azo Black 
Blue. 

1 (8)NHi 



Oxamine 
Blue ^ R. 

1 

1 

C.H.l&WCH.jjg.Na 

From N W acid. 

Azo 

Corinth. 

1 OH 

^«1>\N=.N-C«Hj j NHr 
[SOiNa 

From ^phthi- 
1 onic acid, 

PjTOinidol ' 
Brown, 

/ (3)CHi 

y"Mir=N-C«Hi(ONa)2(3.4) 
t N = N-C«Hj(ONa)2(3.4) 

From resorcinol. 

Azo Orange 
R. 

CsHiJ 

CjHj i 

c!«h>< 

r(3)CH, 

ir?=N-C20H»{NH^-^ 

f(3)CH» ; 

IN>=N— CiHiOH i-r, 
fN-N— C»H jOH 1 

1 (3)CHa 

From naphthionic 
acid, 

Mekong 
Yellow R. 

C.H.j 

C.H.j 

CiH»j 

[&=N-C«HiOHl pjT 
[ (3)CH, 

From salicylic 

acid. 

From duo- 
ehti^-ben- 
tiditu. 
Dianol Red 
a B. 


From naphthionic 
acid. 

FfOfwDtflw- 

bew. 

Stilbene 

Red. 


From naphthionic 
acid. 
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Character of 
dyestuil 

Reaction of aqueous 
Solution 

Reaction of dye with i 
sulphuric acid ! 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone, 

acid 

On dilution 
with water 

Brown pow- 
der; violet 
solution. 


Violet ppt. 

Blue. 

Violet ppt. 

Direct dye for 
cotton. 


Violet pow- 
der; violet 
solution. 

Violet ppt. 

Viole* ppt. 

Blue. 

Violet ppt. 

Soluble in alco- 
hol. 

Direct dye for cot- 
ton. 

Brown pow- 
der; brown 
solution. 

Violet. 

Brown ppt. 

Violet. 

Brown ppt. 

Direct dye for 
cotton. 

Dark brown 
powder; red- 
dish-brown 
solution. 

Brownish- 

red. 

Brown ppt. 

Violet Brown- 

solution. j black ppt. 

Direct cotton 
dyestuff. 

Red powder; 
orange solu- 
tion. 

Redder. 

Grey ppt. 

Blue, 

t 

Grey ppt. 

Direct dye for 
cotton. 

Brown pow- 
der; brown 
solution. 

Redder, 

Brown ppt. 

Violet. 

Brown ppt. 

Direct dye for 
cotton. 

Brownish -red 
powder; red 
solution. 

Red 

solution. 

Violet 

solution. 

Blue. 

Violet. 

Direct dye for 
cotton. 

Brown pow- 
red 

solution. 

No change. 

Black ppt. 

Blue. 1 Black ppt. 

1 Soluble in alco- 
j hoi. 

i 
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Com* 

• merctal 
name 

Formula 

! 

Remarks 

Brilliant 

Yellow. 

CH.CiHj 1 

11 

CH.CbH* j 

r (3)S0jNa 

1 N-N-(i)C»Hri4)OH 
f {a)SO»Na ! 

iN=-N-(i)C«H4(4)OH ! 

From phenol. 

Polychro- 
min B. 

CH.C,H, 1 

II ' 

CH,C»H» 1 

f (a)SOsNa I 

IN-N-(i)C»H4(4)NHj 

ffalSOjNa 

LN-N-{i)CtH4(4)NH, 


Chryso- 

phenin. 

CH.CiH* 1 

CH.CsH* « 

f (3)S0jNa 

lN = N-(4)C«H4(OOC3Hi 
(a)SOjNa 

iN-N-(4)C«H*(i)OCiH6 

1 From Brilliant 

1 Yellow, 

Hessian 
Purple N. 

CH.CsHi 1 
II 1 

CH.CiHa \ 

f (a)S03Na 

lN-N-(i)CioHs(a)NH 2 
f (a)S03Na 

lN = N-(i)CioH«(a)NH! 



Brilliant 

Hessian 

Purple. 



Hessian 
Purple B. 


From ^ acid. 

Hessian 
Purple D. 


From T acid. 

Hessian 
Yellow. 1 

! 

i (ag«„ 

1 

From salicylic 
acid. 

P FT* / f2)SOlNA 

Violet. 

ck.ch4“c,.h.(.,oh ! 

1 

Diamino- 

azoxy 

derivative i.' \ 

St. Denis ; 

From N W acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Brown pow- 
der; orange 
solution. 

Redder. 

Violet ppt. 

1 

Violet. 

Violet ppt. 

Precipitated by 
magenta. 

Brown pow-l 
der; orange 
solution. 

No change. 

Black ppt. 

Violet. 

Black ppt. 

Yields ingrain 
colours. 

Orange pow- 
der; orange 
solution. 

Yellow. 

Brown ppt. 

Violet. 

Blue ppt. 


Red powder ; 
red solution. 

Red ppt. 

Black ppt. 

Blue. 

Black ppt. 

Violet ppt. with 
acetic acid. 
Precipitated by 
magenta. 

Red powder; 
red solution. 

Red ppt. 

Black ppt. . 

Blue. 

Black ppt. 

Soluble in alco- 
hol. 

Brown pow- 
der; red solu- 
tion. 

Violet ppt. 

Black ppt. 

Violet. 

I 

Brown ppt. 


Black powder; 
orange solu- 
tion. 

Bluer. 

Brown ppt. 

I Violet. 

Brown. 


Yellow pow- 
der; yellow 
solution. 

Red. 

Black ppt. 

Violet. 

Black ppt. 


Black pow- 
der; violet 
solution, 

Bluer. 

Blue ppt. 

Blue. 

Violet ppt. 


Red powder ; 
red solution. 

Red ppt. 

Red ppt. 

Red. 

Red ppt. 

i 

Soluble in alco- 
hol. 
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Com- 

merctal 

name 

i 

Formula 

Remarks. 

Acid Milling 
Scarlet. 

1 

N-CeH, 1 

(OOH 

UjSOiNa 

■(2)0H 

bJsOjNa 

(6)S0sNa 

From R acid. 

1 

M.... 

Rock Scar- 
let Y S. 

N-CbH, 

From N W acid. 

Front anti- 
nchocetati' , 
Hide. 
Salmon 

Red. 

/NH.CeHi-N^N-CiflHsI 

oc< I 

\NH.C6H«-N = N-CioH5 1 

(i)NH, 

UiSOiNa 
(i NHj 
(4)S0jNa 

From naphthi- 
onic acid. 

Cotton 
Yellow G. 

^NH.CsH 4“N=.N-C«H3| j 
^^NH.C«H4-N-N-C»Hs{j 

i)OH 

alCOjNa 

i)OH 

ajCOiNa 

From salicylic 
acid, 

Cotton 

Scarlet. 

f CiH:(CHj)}- N = N-CibH 4 
CH CsHs 

iCiHi(CHs)2-N = N-CioH4 

roH 

|^*Na)2 

\<SO,Na)i 

From R acid. 



CLASSIFICATION OF DYES AND COLOURING MATTERS. 201 


Character of 
dyestriff 

Reaction of aqueous 

solution i 

Reaction of dye with [ 
sulphuric acid i 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 1 

cone. ! 

acid 

On dilution 
with water 

terlstics 

Red powder; 
red solution. 

Orange ppt. 

No change. 

Red. 

Scarlet. 

Shades are fast 
to millmg. 







Red powder; 
red solution. 

Orange ppt. 

Scarlet ppt. 

Violet. 

1 

j 

, Scarlet ppt. 

i 

Shades are fast 
to milling. 

Brown pow- 
der; orange 
solution. 

No change. 

Violet ppt. 

Red. 

Violet ppt. 


Yellow pow- 
der; yellow 
solution. 

Orange. 

Brown ppt. 

Orange. 

Violet ppt. 


Brown pow- 
der; red 
solution. 

Redder. 

i 

1 

No change. 

Red. 

Orange. 
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Benzopurpurin B is isomeric with the last-named dye, and is pre- 
pared by the reaction of diazotised tolidine on /?-naphthylamine- 
sulphonic acid in presence of alkali. It dyes cotton a colour approach- 
ing a turkey-red in shade and brilliancy. Acids turn the dyed fibre 
blue, the colour being restored by alkalies or washing. 

Chrysophenin. — This forms a light orange powder, partially 
soluble in water. The solution is unchanged by alkalies, but gives 
a dark brownish-red precipitate with acids. In a neutral bath it dyes 
both wool and cotton a bright yellow, unaffected by dilu|e acids, 
alkalies, or soaps. 

INGRAIN COLOURS (ICE COLOURS. DEVELOPED 
COLOURS). 

An especially fast class of dyeings on cotton are obtained by the 
production of azo-dyestuffs in the fibre itself by the interaction of solu- 
tions containing their “components.” This effect may be produced 
in two ways. By the first method a dyestuff is first dyed into the fabric 
and then diazotised in the fibre by immersion in a nitrous acid solution. 
The finished shade is then developed, after rinsing, by immersion in a 
solution of a suitable amine or phenol. As examples of dyestuffs 
which are frequently diazotised and developed in the fibre in this 
manner may be mentioned diamine black, the diaminogen colours, and 
primuline. As developers solutions of ^-naphthol, a-naphthylamine 
or w-phenylenediamine are commonly used, but other naphthols, 
naphthylamines, diamines and aminonaphthol ethers, and also resorci- 
nol, are used for this purpose. By the other method the fibre is first pad- 
ded with an alkaline solution of a phenol, usually of /?-naphthol; this 
substance apparently is closely fixed by the cotton fibre. The fabric 
is then immersed in a solution of a diazo-compound, neutralised with 
sodium acetate or chalk. Most usually, diazotised ^-nitraniline is used 
and fonrtf'on the fibre the brilliant and very fast red shade known as 
paranitraniline red (^-nitrobenzene-azo-^-naphtol) ; but the diazo- 
derivatives of w-nitraniline,the naphthylamines, and aminoazobenzene 
are also occasionally employed. Many preparations are now sold 
which obviate the necessity of diazotising the ^-nitraniline in the dye- 
works; one of these, Nitrosamine Red, has already been described 
(page 122). Others consist of intimate mixtures of diazo-^-nitraniline 
with metallic salts containing water of crystallisation, such as alum and 
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sodium sulphate, which counteract the explosive properties of the 
diazo-compounds. 

Azophor Red and Nitrazol are preparations of this class, the 
former containing aluminium sulphate. The strength of these prepara- 
tions is ascertained by dissolving in ice-cold water and running the 
solution into an alkaline solution of /?-naphthol of known strength 
until the diazo-compound is present in slight excess as shown by 
spotting on paper, and allowing the outer ring of clear liquid to react 
with an ‘alkaline solution of R-salt (n-naphtholdisul phonic acid). 
When excess of diazo-compound is present a red colouration will 
appear. 144 parts by weight of ^-naphthol are equivalent to 185.5 
parts of p-nitrodiazobenzenechloride. 

General Analytical Reactions of Azo-dyes. 

The great majority of the azo-dyes are sulphonated, and more or 
less soluble in water. In no case is a sulphonated dye removed from 
its aqueous solution by agitation with ether, whether the liquid be 
alkaline or acid. There are a limited number of unsulphonated azo- 
dyes, such as Chryso'idine and Bismarck Brown, from which the free 
base may be extracted by agitating the alkaline solution with ether. 
Chrysamin, on the other hand, is an unsulphonated azo-dye of acid 
character, and is removed from its acidified aqueous solution on agi- 
tation with ether. 

The azo-dyes are stated to be non-poisonous. Out of those which 
have been examined, only 2 have proved to be poisonous in a slight 
degree, namely : Metanil Yellow and Orange II. On addition of hydro- 
chloric acid to the concentrated aqueous solution of a hydroxyazo- 
dye, a precipitate is usually produced if the colouring matter 
contain only i SOgH group, as in that case the free sulphonic acid 
often is insoluble or sparingly soluble in water. But when the free 
acid contains 2 sulphonic groups it is soluble in water, and hence is 
not precipitated when the solution of the dye is acidified. Tropseolin 
000 gives a purple precipitate soluble in excess of hydrochloric acid, 
and some of the scarlets behave similarly. 

The alkali hydroxides and ammonia do not usually produce a 
precipitate in solutions of the sulphonated azo-dyes; but they often 
change the colour, owing to the replacement of the hydrogen of the 
hydroxyl groups. 

The concentrated solutions of many of the azo-dyes are precipitated 
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by barium and calcium chlorides, and in some cases the reactions are 
of analytical interest. The azo-dyes as a class are remarkable for the 
striking colourations produced when the solid substance is treated 
with concentrated sulphuric acid, as was first pointed out by J. Spiller 
{phem. News, 1880, 42,191). To apply the test it is merely necessary to 
heat a few grains of the solid substance in a test-tube or porcelain 
crucible with strong sulphuric acid. Very frequently, useful informa- 
tion can be gained by observing the spectrum of the coloured liquid 
obtained. In the case of the tetr azo-dyes the colour of the solution in 
strong sulphuric acid is an important indication of the constitution of 
the colouring matter. 

Among the most characteristic reactions of the azo-dyes is their 
behaviour with reducing agents, the most generally suitable reagent 
for the purpose being hydrochloric acid and zinc or solution or stannous 
chloride or an acid solution of titanous chloride or sulphate. Thus 
the amino-azo- compounds are split up into a primary amine and 
para-diamine, amino- azobenzene yielding aniline and paraphenylene- 
diamine (para-diamino- benzene; — CgH^N : N . CaH^. NH^ -I-2 = 

-HCeH,(NHj)2. (See Witt, Ber., 1888, 21, 3471 and 1886, 

19, 1721)- 

An acid solution of stannous chloride reduces the hydroxyazo-dyes 
in a similar manner, the products being a primary amine and an 
aminophenol. Thus hydroxyazobenzene yields aniline, CjHjNHj, 
and ^-aminophenol, C^H^(NHj)OH. Mandarin splits up similarly 
into sulphanilic acid, CgH5(S03H)NH2, and amino-^-naphthol, 
CioH 5(NH2)OH. When the naphthol group is sulphonated, the 
aminonaphthol-sulphonic acid decomposes into amino-naphthol and 
free sulphuric acid. Thus Xylidine-Red is decomposed as follows: 
C,H 3 (CH 3 ) 2 N: N: C (S 03 Na) ^OH -f 2H2O - NH^ + 

G,oHe(NHj).OH4-2NaHS04. With an alkaline reducing agent, 
such as ammonium sulphide or zinc and ammonia, the aminonaphthol- 
disulphonic acid does not undergo decomposition. 

Secondary azo-dyes split up in a similar manner under the action 
of reducing agents. Thus with metallic tin or stannous chloride and 
hydrochloric acid, Biebrich Scarlet yields sulphanilic acid, paradiamino- 
benzene, and aminonaphthol. With an alkaline reducing agent, such 
as zinc and ammonia, Biebrich Scarlet undergoes a modified decom- 
position, resulting in the formation of aminohydrazo-benzenesul- 
phonate and amino-naphthol. 
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On exposing the decolourised liquid to the air it rapidly acquires 
a yellow colour, from the production of sodium amino-azo-benzene- 
sulphonate. Other tetrazo-dyes behave similarly. 

Congo- Red, the type of the benzidine dyes, on reduction yields 
benzidine and a diaminonaphthalene-sulphonic acid, CioH5(S03H) a 
{NH,)a(NH3)/9. 

It will be seen that the investigation of the behaviour of the azo-dyes 
with reducing agents affords a most valuable means of recognizing 
them and ascertaining their constitution. The bases resulting from 
the treatment can be extracted from the alkaline liquid with ether, and 
if more than one be produced they can be separated by fractional 
distillation or crystallisation of their salts. The isolation and identi- 
fication of the aminophenols is very difficult, especially as some of 
them are very readily affected by air. Hence it is preferable, when 
it is desired to obtain them in a pure state, to evaporate the neutralised 
solution to dryness, and heat the residue with anhydrous sodium 
carbonate. 

The following table gives some of the leading characters of certain 
of the bases produced by the reduction of commercial azo-dyes: 


Name 

Formula 

M. p. 

B.P., 

.Other characters 

Aniline. 

Aminobenzene. 

Phenylamine. 

CsHi.NHj 


183.7” 

Sparingly soluble. Violet colour 
with bleaching powder solution. 

o-Toluidine. 

o-Aminotolu- 

ene. 

c-H'ISn-h, 

Below 

198° 

Brown, colour with bleaching pow- 
der solution. Colour soluble in 
ether, and changed to pink by 
dilute acetic acid. 

f'Toluidine. 

Paraminotolu- 

ene. 


4 S° 

198° 

tVhlte, crystalline. No reaction 
w 4 th bleaching powder. Dis- 
solved in strong HiSO* and nitric 
acid added, gives blue, chang- 
ing to red. > 

“Naphthyl- 

amine. 

tt-Aminonaph- 

thaiene. 

CioHr.NHj 

50“ 

1 

1 

300” 

Characteristic and persistent odour. 

: Turns violet on exposure. FeCli 
and other oxidising agents give 
azure-blue precipitate. 

Diphenyl- 

amine. 

(C«Ha)..NH 

54 ^ 

XI o'’ 

Nearly insoluble plates. Deep 

blue colour on adding to its so- 
lution in pure sulphuric acid a 
trace of nitrous sulphuric acid. 

^-Amino-di- 

phenylamine. 

NH.CiHi 

fix® 


i Small lustrous plates, becoming 
green in the air. FeClj gives a 
red colour, changing to green, and 
on concentration a green precip- 
itate, soluble in HjSO< with a 
carmine-red colour. 
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Name 

Formula^ 

M. p. 

B. p. 

Other characters 

f-Phenylene- 

diamine. 

^-Diamino- 

benzene. 


140“ 

267° 

Sparingly soluble tablets. Oxi- 

dised to Quinone by MnOi and 
dilute H2SO4. 

Di m e t h y 1 -f - 
diamino-ben- 
zene. 


41“ 


Easily soluble. Gives methylene blue 
with a solution of HiS :n Iwdro- 
chloiic acid in presence of FeCh, 

f - Amino - 
pbenoL, 


184” 

decom- 

posing. 


Colourless plates, rapidly turning 
brown. Alkaline solution be 

comes violet on exposure, and 
yields quinone with oxidising 
agents. With bleaching powder 
solution, a violet-colour, changing 
to green. 

«-Amino-a- 

naphtho]. 



1 

On agitating the alkaline solu- 
tion with air a dirty green 
colour is produced, changing to 
yellow. With bromine water, 
yellow-white crystalline precip- 
itate. With oxidising agents 

yields the theoretical amount 
of a-naphthaquinone. 

Amino -a- 
naphthol. 




On agitating the alkaline solu- 
tion with air, permanent grass- 
green colour; and green scum 
soluble in alcohol to pure green 
solution. Br and reCU give 
yellowish or green precipitate, 
and no naphthaquinone is formed 
on heating. 

Amino-re s 0 r CjHj(OH)2 . NH: 
cinol. 1 

i 

1 

i 

1 


1 Plat plates turning green in the 
air. NaOH gives deep blue 

colour, chanmng to green and 
brown, FeCii gives deep brown 
colour, and then nearly black 
precipitate. 


1 


5. Hydroxyketones. 

The hydroxy ketone colours are chiefly derivatives of anthracene. 

Such of the hydroxy- derivatives of anthraquinone as receive prac- 
tical application are not known generally by their systematic or descrip- 
tive names, but are simply termed “alizarin for reds,” “alizarin for 
blues,” etc. Hence it will be convenient to describe fully the char- 
acters of true alizarin, and subsequently treat of the various products 
known in commerce as “alizarin.” 

Alizarin. Ortho-dikydroxy-anthraquinone. 

c.,ha=c.h,<co>c.h,{"°h 

Alizarin exists ready-formed in madder-root (Rubia tinctorurn), but 
the proportion of actual alizarin is, except in old roots, small compared 
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with that existing potentially in the form of ruberythric acid, a glucoside 
which on steeping the madder roots in water is resolved, under the 
induence of a peculiar ferment called erythrozyme, into alizarin and 
dextrose, according to the following equation: 

C2eH2a0i4 + 2H20 = Ci^Hg04 + 2C6H^20fl. 

Alizarin is manufactured artificially on a very large scale from 
anthracene. The synthesis of alizarin was first effected by Graebe 
and Leibermann, in 1868. 

Alizarin crystallises from alcohol in reddish-yellow prisms or needles 
containing 3H2O, which it loses at 100°. It melts at and 

sublimes at a somewhat higher temperature in magnificent orange- 
red needles. 

Alizarin is nearly insoluble in cold water, and requires 3220 parts of 
boiling water for solution. Cold alcohol dissolves it but sparingly, but 
in boiling alcohol, glacial acetic acid, and glycerin it is more soluble. 
It is also readily soluble in ether, carbon disulphide, and benzene, and 
may be extracted by agitation with these solvents. In strong sulphuric 
acid, alizarin dissolves with dark brownish-red colour, and is precipi- 
tated unchanged on diluting the solution with water. 

In solutions of alum and aluminium sulphate alizarin is almost 
insoluble, a character which distinguishes it from purpurin, which 
dissolves in boiling alum solution, forming a yellowish-red and strongly 
fluorescent liquid. 

Alizarin has the characters of a weak acid. It dissolves in solutions 
of carbonates of the alkali-metals, apparently without decomposing 
them, and it also dissolves in a boiling solution of sodium acetate, 
separating again unchanged on cooling; but if the boilyig be continued 
for some time, acetic acid is given off and sodium alizarate re- 
mains in solution. With alkali hydroxides it reacts to form true 
compounds or o/mra/es, the solutions of which are violet by transmitted, 
and purple by reflected, light. A solution of sodium alizarate gives 
insoluble, coloured precipitates or “lakes” with most metallic solutions. 
Thus with barium and calcium salts it yields purple precipitates (dis- 
tinction from monohydroxyanthraquinone) which are soluble in water 
containing carbonic acid. With aluminium and tin, alizarin forms red 
lakes, and has such affinity for these metals that it is capable of decom- 

^ This is the m. p, o£ alisaiin accordioR to Claus and Wilgerodt, Schunck gives 28s as 
the m. p. 
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posing dilute solutions of nitrates or chlorides containing them. With 
ferric salts, sodium alizarate yields a black-violet precipitate, but with 
ferrous salts a violet precipitate is formed. An alcoholic solution of 
free alizarin also gives a purple precipitate with ferric chloride. 

By heating in the solid state with zinc-dust, alizarin is reduced to 
anthracene, If dissolved in weak sodium carbonate and 

treated in the cold with zinc-dust, the violet solution becomes red. 
When alizarin is boiled with zinc-dust and ammonia it is reduced to a 
body of the formula to which the name anthrarobin has 

been given. ^ 

The solution of alizarin in ammonia or alkali carbonate differs 
from that of purpurin in being non-fluorescent, but exhibits a charac- 
teristic absorption- spectrum, having a well-defined band in the yellow, 
and another narrower one between the orange and red. There is also 
another faint band about E, scarcely distinguishable from the general 
absorption occurring in that region. The absorption spectra of the 
solutions of alizarin in ether and carbon disulphide are not charac- 
teristic. When boiled with acetic anhydride, alizarin yields a 
mono-acetal-derivative, and on prolonged boiling diacetyl-alizarin, 
C„H,( 0 .C,H,), 0 ,. 

The methods of analysis of alizarin in its manufacture is discussed 
by Perkin (/. 5 . D. and CoL 1897, 13, 8i). 

Alizarin-sulphonic Acid. Ci4H50j(0H),(S03H). This sub- 
stance is formed by heating alizarin with fuming sulphuric acid until 
the product is completely soluble in water. The liquid is then diluted, 
and the unaltered sulphuric acid precipitated by lime or baryta. 

Alizarin-sulphonic acid is freely soluble in water and forms 3 
series of salts, according to the number of hydrogen atoms replaced. 
The salts of the alkali-metals containing i atom of base are yellow or 
orange and soluble in water; those with 2 atoms are reddish- violet; 
and those with 3 atoms intensely violet. 

Sodium alizarin-sutphonakf C|4H503(0H)2(S03Na), constitutes 
the colouring matter known in commerce as Alizarin Carmine, Alizarin 
Powder W, and Alizarin WS or 5 . It forms an orange-yellow 
powder, easily soluble in water or alcohol with orange or brownish- 
yellow colour. The solution is turned bright yellow by hydrochloric 
acid and violet by sodium hydroxide. In strong sulphuric acid the 

I Commercial anthrarobin contains a trace of zinc, but the entire ash should not exceed 
0.3 %. 
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dye dissolves with yellowish-red colour, changing to bright yellow on 
dilution. Alizarin •Carmine dyes wool mordanted with alumina 
scarlet, while tin mordants give orange and chromium daret-red 
shades; but the colours are not so bright as those obtained with sul- 
phonated azo-dyes. 

j 5 -WitroaIizarin. CaH^:C202;CgH(N02)(0H)2. By direct treat- 
ment with nitric acid, alizarin is converted into phthalic acid, CgH^- 
(C00H)2 I but by the action of nitric acid on alizarin dissolved in glacial 
acetic add or petroleum spirit,' ^-nitroalizarin is obtained. This 
body, which constitutes the Alizarin Orange of commerce, was formerly 
prepared by exposing doth dyed with Alizarin Red to nitrous fumes, 
but is now directly obtained by treating alizarin in nitrobenzene 
solution with nitric acid of 3o‘"-4o° B. When pure, nitroalizarin 
forms yellow needles or leaflets, which melt at 244"" and sublime at a 
higher temperature with partial decomposition. It is nearly insoluble 
in water, but dissolves in glacial acetic acid. The solution in sodium 
hydroxide is magenta-red, and on treatment with zinc-dust gradually 
becomes blue and then yellowish-brown, the indigo-blue colour return- 
ing on exposing the filtered liquid to the air. Other reactions of 
Alizarin Orange are given in the tables. 

/?-Nitroalizarin derives its chief practical interest from its reaction 
with glycerol and sulphuric acid,^ whereby it is converted into dihy- 
droxy ant hraquinone- quinoline, or Alizarin Blue, according to the 
following equation; 




(ai)OH 

(/?2)H 

{a2)NO^ 


+ 


CHj.OH 

i 

CH.OH - 

I 

CH3,0H 


r OH 
J OH 
1 CH:CH. 
[n :CH. 


-fO^-f-sOH^. 


Alizarin Blue, Cj^H^NO^. In the pure state it forms dark blue or 
brownish- violet needles, m. p. 270^, and may be partially sublimed 
^thout decomposition. In commerce. Alizarin Blue occurs as minute 


acid nit^issarm in fine powder is heatipd with 5 parts of strong sulphuric 

abaolute glycenne to 150 . When the reaction is completed, the product is 
as a water, when the colouri^ matter dissolves, but is deposited on cooling 

brown precipitate. When this is lA'a&hed with water, it loses sulphuric acid 

VOL.V.— 14 
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shining crystals, or as a dark violet paste containing io% of the dry 
substance. The pure colouring matter can be obfained by boiling the 
dried paste with glacial acetic acid, the Alizarin Blue being deposited 
in crystals on cooling. It is insoluble in water, but dissolves with 
blue colour in hot alcohol, and is sparingly soluble in benzene. 

Alizarin Blue exhibits both add and basic characters, a property 
doubtless due to the simultaneous presence of OH groups and a pyridine 
residue in the molecule. With dilute sulphuric acid Alizarin Blue 
unites to form a brown compound,' which is decomposed by washing 
with water. In strong sulphuric add it dissolves with red, and in 
phosphoric and arsenic acids with reddish-yellow colour. 

In dilute alkali hydroxides Alizarin Blue dissolves with greenish- 
blue colour, but the solution is precipitated by excess of alkali. By 
treating the solution of Alizarin Blue in alkali hydroxide with metallic 
solutions a series of insoluble lakes may be obtained. The compounds 
with lime, baryta, and ferric oxide are greenish -blue, that with nickel 
oxide blue, and those with alumina and oxide of chrominum bluish- 
violet. 

When treated with zinc-dust in alkaline solution, Alizarin Blue is 
reduced giving a red colouration, but the blue colour returns on exposing 
the filtered liquid to the air. Other reducing agents may be employed, 
and the property may be applied for the production of an Alizarin 
Blue vat, similar to that used in indigo-dyeing. Alizarin Blue is too 
expensive to be used generally as a substitute for indigo, and its tendency 
to form insoluble lakes is not in its favour. The colour is not so fast 
to light as indigo, but is less readily attacked by oxidising agents, such 
as hypochlorites, chromic acid, and alkaline solutions of ferricyanides. 

The inconvenience attending the employment of ordinary Alizarin 
Blue can be overcome by converting it into a soluble form, by treating 
the commercial paste with a concentrated solution of sodium hydrogen 
sulphite. After standing ten days or a fortnight, the liquid is filtered, 
and the new colouring matter obtained in the solid state by evaporation 
at a low temperature or salting out. 

Alizarin blue S, or Soluble Alizarin Blue^ obtained as above 
described, is the sodium bisulphite compound of dihydroxy an thra- 
quinone- quinoline. It occurs in commerce as a dark purple or 
chocolate-brown powder, which dissolves easily in water with 
yellowish -brown colour. In strong sulphuric acid the solid dye 
dissolves with deep yellow colour, and on dilution with water the 
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liquid yields a brownish precipitate. Dilute hydrochloric acid 
changes the colour of the aqueous solution to reddish-yellow, and soda 
turns it to bluish-violet. With excess of a strong acid or alkali, the 
bisulphite compound is decomposed with precipitation of the blue; 
but the solution is tmaffected by salts of calcium, magnesium, or 
chromium, or by acetic or tartaric acid. On heating the aqueous 
solution above 70°, the bisulphite compound is decomposed, and the 
insoluble blue colouring matter is precipitated. This action is 
extensively applied in practice, and the colour produced being less 
affected by light than that given by insoluble Alizarin blue, the soluble 
variety has almost superseded the older colouring matter both in 
printing and dyeing. 

On the fibre, Alizarin Blue is unchanged by soap, soda, or solution 
of bleaching powder. When dyed on wool with a chrome mordant, 
nitric acid produces an orange colour, but otherwise the colour is 
discharged. Dilute hydrochloric acid turns the colour to violet, 
and sodium hydroxide to bluish-green, while an acid solution of 
stannous chloride changes the colour to a brownish-yellow. When 
treated with phosphoric acid of 1.435 sp- gr., Alizarin Blue is dissolved 
from the fibre with orange colour, and the solution, after dilution wdth 
water, is turned blue on adding ammonia The absorption-spectrum 
of Alizarin Blue is characteristic, and the fact may be utilised for its 
detection, 

Trihydroxyanthraquinones. €1411502(011)3. 

Of the 5 known compounds of this constitution 4 have a 
practical interest as colouring matters, and are described below. 
Of hydroxychrysazin, the fifth discovered isomer, very little is known, 

Anthragallol Ci4HgOs forms the essential constituent of the colour- 
ing matter known as Anthracene Brown. It occurs as a dark brown 
paste inaoluble in water, but dissolving in alcohol with yellow 
colour. 

Purpurin crystallises from its solution in hot alcohol in yellov^ish- 
red needles or prisms, containing €,4115(011)303 -I- H3O. It begins to 
sublime at 150°, m. p. 153°, but is more readily decomposed by heat 
than is alizarin. In water, purpurin is more soluble than alizarin, 
and the solution in hot water free from alkali has a yellow colour. 
Purpurin salso dissolves in alcohol and ether. 

In alkali hydroxides, purpurin dissolves easily with a magenta or 
purple-red colour. It forms a compound with sodium hydroxide, 



212 


DYES AND COLOURING JIATTERS. 


which crystallises in well-defined long prisms. The alkaline solutions 
of purpurin become decolourised on prolonged exposure to light. On 
strongly acidifying a solution of purpurin in an alkali with hydrochloric 
acid, purpurin hydrate is thrown down. The artificial purpurin paste 
probably consists chiefly of this body. When heated, it loses its 
water of hydration, and changes into ordinary purpurin. In warm 
alcohol it dissolves more readily than ordinary purpurin. 

When heated with aqueous ammonia under pressure, purpurin 
is converted into purpurinamide, Ci4H5(NH2)(0H)202. Owing to 
the formation of this compound, an ammoniacal solution of purpurin, 
if kept for several weeks, loses its power of dyeing mordanted cloth. 
On neutralising the solution, the purpurinamide forms a dark crystal- 
line precipitate, soluble in alcohol or a large quantity of hot water, 
but separating again on cooling in long crimson needles, which exhibit 
a deep green metallic reflection. It dissolves freely in fuming nitric 
acid (sp. gr. 1.5) at the temperature of boiling water, and on cooling 
the solution deposits magnificent scarlet crystals, which are insoluble 
in water, ether, and carbon disulphide, and only slightly soluble in 
alcohol. 

With acetic anhydride, purpurin forms a triacetyl derivative of the 
composition 0,4115(0021130)302, which crystallises in yellowish 
needles, m. p. 190^-193®. An alcoholic solution of purpurin gives 
with alcoholic lead acetate a dark crimson precipitate, which dis- 
solves on treatment with an excess of the reagent to form a fine 
crimson solution, the spectrum of which shows three absorption- 
bands. Alizarin when similarly treated gives a purple colouration 
or precipitate. 

An alcoholic solution of purpurin gives with alcoholic copper acetate 
a dark reddish-yellow precipitate, whereas alizarin, if pure, gives a 
purple solution, but no precipitate, when treated similarly. 

With lime and baryta water purpurin yields purple-red precipitates 
and dyes cloth mordanted with alumina a colour varying from scarlet 
to dark red, without any shade of blue, Purpurin dyes cotton mor- 
danted with ferric salts purple or black. 

The most characteristic reaction of purpurin is its property of 
dissolving in a hot solution of alum with a reddish-yellow colour and 
greenish-yellow fluorescence. The purpurin-alumina lake behaves 
similarly. The fluorescence is seen to perfection in a liquid prepared 
by adding a solution of purpurin in sodium carbonate to one of alum 
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which has been previously treated with tartaric acid and sodium car- 
bonate in quantity sufficient to prevent precipitation. 

The absorption-spectrum of purpurin is characteristic, A solution 
of purpurin in alum or alkaline carbonate, if of suitable strength, gives 
2 well-de6ned absorption-bands in the green, the less refrangible— 
situated about twice as far from line D as from line — being particu- 
larly sharp and black. The absorption-spectrum of the solution of 
purpurin in carbon disulphide contains 4 nearly equidistant absorp- 
tion-bands, of which the first, which is somewhat more refrangible than 
the D line, is the narrowest, the second and third broader, but very 
distinct, while the fourth is scarcely distinguishable from the general 
absorption. An ethereal solution of purpurin is faintly fluorescent 
and shows a very dark narrow absorption-band slightly more refran- 
gible than E, and a second wider and less defined band at F. 

The detection of alizarin by a similar method is far less delicate, 
since alum cannot be used to separate it from the accompanying 
impurities, some of which produce absorption in that part of the 
spectrum in which all but the least refrangible of the absorption-bands 
occur, and this band is not the most intense or characteristic of those 
produced by alizarin (Stokes, J. Chem.Soc., i860, 12, 219). 

To detect small quantities of alizarin in purpurin, a solution of the 
colouring matter in sodium hydroxide should be exposed to the light 
till all the purpurin is destroyed. The liquid is then treated with 
dilute sulphuric acid and agitated with ether, alizarin being subse- 
quently sought for in the evaporated ethereal solution. 

Anthrapurpurin, Flavopurpurin. CaH3(OH) : C202;CeH2(0H)2 
(see also page 218). These 2 isomeric compounds diflter from each 
other and from purpurin simply in the position occupied in the molecule 
by the hydroxyl groups. They are produced by fusing ^-anthra- 
quinonedisulphonic acid and a-anthraquinoncdisulphonic add, respect- 
ively, with sodium hydroxide and potassium chlorate. Both are 
valuable colouring matters, and exist in various brands of commerdal 
alizarin. Anthrapurpurin is as important a colouring matter as alizarin 
itself, and used with it increases its brilliancy, while alone it gives 
very brilliant scarlet shades. Alizarin for reds consist chiefly of anthra- 
purpurin, while flavopurpurin gives yellower shades. Both colouring 
matters present a close resemblance to alizarin, and the general reac- 

’ Acojrding to H. Morton, the refrangibility of the absorption-bands of a solution of pur- 
Punn in alum is sensibly affected by the temperature of the solution and the proportion 
Of alum contained in it. 
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tions of the commercial pastes are shown in the tables. In the follow- 
ing table, the principal distinctions between anthra- and flavopurpurin 
are exhibited: 



Anthrapurpurin 

Flavopurpurin 

Positions of the OH ^ 1:2:7 ! 

groups. 1 

1:2:6 

Appearance. 

Orange needles; anhydrous. 

Golden -yellow needles ; anhy- 
drous. 

Solubility in alcohol. 

Easily soluble in boiling Easily soluble even in cohi 
alcohol. 1 alcohol. 

Solubility in hot benzene. 

Almost insoluble. | Soluble. 

Solubility in b oi 1 i n g Slight; solution turns red Slight; solution remains yellow 
Kyater. on prolonged boiling. i after prolonged boiling. 

Solubility in solution of 
alum. 

Slightly soluble with orange; Insoluble, 
colour on boiling; separatesi 
again on cooling. j 

Colour of solution in 
strong sulphuric acid. 

Dull violet colour, chang- 
ing to fine red-violet on 
adding a trace of sodium 
nitrite. 

Red- brown. 

Colour of solution in alkali 
hydroxide. 

Violet (but redder than an 
alkalinesolution of alizarin) ; 
a absorption-bands simulat- 
ing those of alizarin. 

Purple (redder shade than with 
anthrapurpurin); on dilution, 
pure red, 2 absorption- 
bands, more refrangible than 
those of alizarin, and a 
characteristic broad band in 
in the blue. 

Colour of solution in am- 
monia. 

Violet; no absorption- 

bands. 

Yellowish-red; no absorption - 
bands. 

Colour of solution in 
sodium carbonate. 

Violet. 

Yellowish-red. 

Reaction with alcoholic 
solution of lead acetate. 

Purple precipitate. dis- 
solving with violet colour on 
boiling with excess of the 
reagent. 

Reddish-brown precipitate, dis- 
solving very sparingly on 
boiling wth excess of the re- 
agent, with red colour. 

Reaction with alcoholic 
solution of cupric ace- 
tate. 

Fine violet colour. 

Red colouration. 


Anthrapurpurin and Flavopurpurin are now met with in commerce 
in a state of purity. For the detection of impurities in commercial 
Flavopurpurin, Jellinek recommends that the sample should be dis- 
solved in alkali and the solution treated with lead acetate. The pre- 
cipitate is well washed with hot water and decomposed by sulphuric 
acid in presence of alcohol. The colouring matter is then obtained 
from the alcoholic solution by fractional crystallisation. Alizarin 3 S 
is a sodium monosulphonate of Flavopurpurin. 

The following table exhibits the characteristic differences between 
alizarin and the three purpurins: 
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Substance 

With NaOH 

With HjSO* 

Sublimation point 

Alizarin 

Blue-violet 

Brown-red 

Below 160®. 

Anthrapurpurin. . 

Violet 

Brown 

At 160® 

Flavopurpurin. . , 

Purplish-red 

Red-violet 

At 170®. 

Purpurin ^ 

Red 

Cherry-red 

At 150®. 


Fibres dyed with alizarin or flavopurpurin lakes or with the alumin- 
ium lake of anthrapurpurin are not changed in an alkaline solution of 
potassium ferricyanide, whereas the colour on fibres dyed with anthra- 
purpurin on an iron mordant, or with purpurin are destroyed. 

Commercial Alizarin. Alizarin Paste. V and G. 

Commercial alizarin always occurs in the form of an ochre-yellow 
or brownish-yellow paste, ^ consisting of the solid colouring matters in 
a hydrated state mixed with a definite proportion of water. 

Alizarin paste ordinarily contains 20% or 40% of solid matter. The 
strength is easily ascertained by drying a fair sample at 100°. By 
exposure to this temperature the alizarin is rendered anhydrous, loses 
the slight solubility it previously possessed, and becomes wholly unfit 
for dyeing.* The residue^ after drying, should be yellow — not dark 
brown. After weighing, the residue should be ignited at a dull red 
heat. The ash obtained should not exceed 1% of the weight of the 
dried residue, and should be practically free from iron,^ 

According to Benedikt and Knecht, ^'Chemistry of Coal Tar Colours^^ 
London, 1886, commercial alizarin is liable to contain glycerin, turkey- 
red oil, and other thickening agents, for the detection of which they 
recommended dilution of the paste with water and filtration of the 
liquid, when a perfectly colourless filtrate should be obtained, which 
may contain small quantities of sodium chloride and other salts, but 
should leave no syrupy residue of glycerin on cautious evaporation. 
A practical objection to this method of examination exists in the great 
difficulty, sometimes amounting to impossibility, which attends the 
filtration of alizarin paste diluted with water. If the presence of 
glycerin or turkey-red oil be suspected, it would probably be preferable 
to examine the residue left on evaporating the paste to dryness at 100°. 

1 may be prepared by mixi^ the p>aste with starch and pressing and drying. 

^ same statement applies to alizarin paste which has been frozen, and hence it xs 
'usTOmary during severe weather to protect the colouring matter from the cold, 
dissni * “soluble alizarin” consists of sodium boro-alizarate. It is prepared by 

i^iving 1 part of alizarin and a parts of borax in boiling water, and evaporating the 
• It is said that a solution of soluble alizarin in distilled water gives a 

Turifi. teat for the presence of lime in water, a flocculent precipitate being formed 

witii tjig merest trace of eftleinm salt. 
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Besides true alizarin, the commercial paste contains more or less of 
the dihydroxy anthraquinones isomeric with alizarin, as well as several 
of the mono- and trihydroxyanthraquinones. All these substances 
present a veiy close general resemblance to alizarin proper, but all 
except the trihydroxyanthraquinones (flavopurpurin and anthrapurpu- 
rin) are valueless as dyes, and these latter give very different shades 
from those produced by pure alizarin. 

The following method is given by Benedikt and Knecht for recog- 
nising the constituents of commercial alizarin paste: A small quan- 
tity of the sample is dissolved in a solution of sodium carbonate, and 
the liquid filtered. The residue consists of anfhraquinone and mono- 
hydroxyanthraquinone, which may be separated by means of dilute 
sodium hydroxide solution, in which only the latter is soluble. The 
filtered carbonate of sodium solution is acidified with hydrochloric 
acid, and the precipitate boiled with milk of lime, which will dissolve 
any anthrajiavic and isoanthrajlavic acids with red colour. ^ On filtering 



^-Monohydroxy- 

anthraquinone 

Anthraflavic 

acid 

Isoanthraflavic 

acid 

Action of heat. 

Sublimes, without 
melting, above 285®. 

M. p. above 330*, 
and sublimes. 

M. p. a'tove 300'’. 
and sublimes. 

Action of water. 

Easily soluble ; insol- 
uble in acidified 
w'ater. 

Insoluble. 

Insoluble. 

i 

Action of aqueous al- 
cohol. 

Separates from hot | 
solution in yellow i 
lamina or needles. 

' Sepanates from solu- 
tion in long, anhy- 
drous yellow need- 
les or laminse. 

, Separates from solu- 
tion in hydrated 
crystals. 

Action of hot, strong, 
sulphuric acid. 


Forms yellow solu- 
tion. 

Forms deep red solu- 
tion. 

Action of cold baryta 
water. | 

Soluble with reddish- 
yellow colour. 

Insoluble. 

Easily soluble with 
dark red colour, 

Action of hot lime 
water. 

Soluble with reddish- 
yellow colour. 

Slightly soluble, cold ; 
nearly insoluble, 

hot j solution yel- 
lowish-red. 

Easily soluble with 
dark red colour. 


and acidifying the filtrate these impurities will be reprecipitated, and 
may be collected, washed, and weighed. ■ The insoluble lime-lake is 
removed from the filter and decomposed by agitation with dilute hydro- 
chloric add, and the separated colouring matter washed and weighed, 
or, dissolved in ether and recovered by evaporating the ethereal solution. 
The residue thus obtained will contain the alizarin of the sample, 
mixed with any anthrapurpurin or flavopurpurin which may be present. 

* Both these bodies, as also monohydroxyanthwiqmnone, are valueless as dy^ 
presence in commercial alizarin may be detected by boiling the sample with milk pi i' 
and filtering, when a yellow or brownish-red solution will be obtained. The following ‘ 
the chief dififerences between these three allied substances: 
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According to Schunck and Romer, the detection and approximate 
estimation of these 3 substances bodies in admixture can readily be ef- 
fected as follows: The mixture is dried at 100°, and then placed between 
2 glass*plates, separated from each other by a leaden ring some milli- 
metres in thickness. The whole is heated in an air-bath to 130°- 150®, 



Fig. 5. 

at which temperature the alizarin alone sublimes. On raising the 
temperature to 170° a crystalline sublimate of mixed Jlavopurpurin 
and anthrapurpurin is obtained, the former of which assumes the shape 
of fine reddish-yellow needles, while the latter sublimes in compact, 
well-defined rhombic crystals. A separation of the 2 isomers may be 
effected by boiling with benzene, in which only flavopurpurin dissolves.^ 

’ For the analysis of alizarin pastes as obtained from filter presses, the p^entage of 
mmsture is determined by evaporating a weighed sample in a flat platinum dish at loo'*. 
After weighing, the ittorganic matUr present is determined by incineration. Usually the 
ash, which should not exceed o,a% in a 20% paste, consists of either sodium or ^Icii^ ^ts 
but sometimes lead and iron are also present, though contamination of alizarin with iron 
should be carefully avoided if in dyeing bright shades are required. The tinctorial prop- 
erties of the paste are then compared with those yielded by a standard sample of known 
strength and shade. In this operation a special 5 -striped cotton cloth is best employed 
the mordants on which consist of strong and weak aluminium and iron salts and a mixture 
of the two respectively. Of this. lo-in. lengths are most suitable. The dye vessels, pref- 
erably of glass or porcelain, and of about 600 c.c. capacity, are arranged in nows in a suitable 
copper w^ter-ba^ heat^ with gas (see figure 5). s grm. of the ao% paste under 
^^^^nation is suspended in a litre of water and 50-70 c.c. of this, together with 4 c.c. of a 
^ % solution of calcium acetate are added to 500 c.c. of water in the dye vessel. The 
temperature is gradually raised to 80“ during i hour, the heat being maintained at that 
temperature for half an hour. After washing in cold water, the fen ts are well beaten with a 
wooden mallet and again rinsed, the treatment being continued until the loosely adhering 
particles of alizarin are almost entirely removed. This is followed by two soaping opera- 
tions, each lasting i hour, the first at 60'’ and the second at 8o“, conducted in a large tinned 
copper ve^, which contoins for each fent a solution of 0.5 grm. of curd soap in a litre of 
water. The patterns after washing are dried at the ordinary temperature. Swatches of 
itirkey-red cloth are very frequently dyed, and these, after the ordinary soaping, are heated 
pressure with soap solution, to which a trace of stannous chloride has been added to 
® more brilliant appearance. 

_ttydroxyanthraquinone may be detected by treating a hot alkaline solution wuth 
and filtering the precipitate, A red coloured filtrate is obtained which on 
dejwsits a yeUow precipitate. 

/iKiftro- and isoantkrafiavic acids. To a sample of the paste suspended in boihng water 
a hydrate is added and the barium lake filtered off. A red coloured filtrate mvirig 
( r J*^*P*t*te on neutralisation indicates the presence of these substances. — Perldn 
U. boc. 
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1 

Com- 

mercial 

came 

Formula 

Remarks 

Alizarin 
YeUow C. 

f (i)OH 

p „ ] (2)0H 

j > joH 
[ WCO.CHs 

From pyrogallol. 

Alizarin 1 
VTeUow A. 1 

! 

f 

CeHi(i)C0(i)C6Hr (ilOH 

1 (4)0H 

From pyrogallol. 

Alizarin V, ! P tr [ (aJCOfz) 1 p tt f (r)OH i 

VI. P. No.; 1 (3)CO(3) / 1 (6)OH 1 

I, le. i 

Alizarin for 
violet. j 

From anthraqui- 
none-mon o s u l- 
phonic acid. 

j 

Alizarin j f f2)C0(2) ] f 

RG. GI. C.Hi (s)OH CiHs 

SDG. X. 1 Ustos)] 

No.io, CA. 

Flavo pu r- 
purin. 

From ff-anthra- 
quinone-d i s u 1 - 
phonic acid. 

Alizarin SC, [(2)00(2)1 f 

SX. GD. i C.Hi (6)0H C«Hi ' 

RX. SC, ! 1(3)C0(3)J 

SX extra, 

RF. j 

Anthra > i 
purpurin. ' 

From ^-anthra- 
quintme- d i s u 1- 
phonic acid. 

Alizarin No. 
6. 

Purpurin. 


From alizarin by 
oxidation. 

Alizarin 
Orange A, 
OR. OG. 

N. AO, 
AOP. 

C«H«{<]>ggg)c.H{yNOi 

From nitrated 
alizarin. 

Anthracene 
Brown. I 
R.G. 1 

Alizarin' 
Brown. 

Ac th ra- 
gallol. 


From gallic acid. 

GalloEavin. 

CuH(Of (constitution not known). 

From gallic acid. 

Alizarin 
Black S, 
SW. , 
Alizarin 
Blue- 
BUck sw: 
Naphtha- 
zarin S. 

[0)0 

CtBHiJ( 4 )i 4-NaHSOi 
(8>OH 

From dinit ro- 

naphthalene. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric add 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. i On dilution 

acid : with water 

Yellow paste; 
yellow solu- 
tion. 

1 Brown. 


YeUow. 


Soluble in alco- 
hol. 

Yellow paste; 
yellow solu- 
tion. 

: Deeper yel- 
low. 

No change. 

YeUow. 

White ppt. 


Yellow paste; 
insoluble in 
cx)ld water; 
slightly sol- 
uble in hot 
water. 

Violet. 

No change. 

Orange. 

Orange ppt. 

On cotton mor- 
danted ; 

A1 — red. 

Fe — violet. 

Cr — brown. 

Yellow paste; 
slightly sol- 
uble in boil- 
ing water. 

Violet. 

j 

Brow’n. 

Orange ppt. j 

A1 — red. » 

Soluble in alco- 
hol. 

With ammonia 
brown solution. 

Yellow paste; 
slightly sol- 
uble in boil- 
ing water. 

Violet. 

1 

i 


Red: ; 

Orange ppt. 

Al— red. 

With ammonia 
violet solution. 

Brown paste; 
slightly sol- 
uble in hot 
water. 

Magenta- 

red. 


Orange. 

Brown ppt. 

Soluble in alco- 
hol. 

Al— red. 

Fe — purple. 

Cr — brown. 

Brown paste; 
insoluble in 
hot or cold 
water. 

Magenta- 
red solution. 


Yellow. 

Yellow ppt. 

Soluble in acetic 
acid. 

AI — orange. 

Fc — red-violet. 

Cr — red-brotvn. 

Brown paste ; 
insoluble in 
water. 

Greenish- 
blue solu- 
tion. 

No change. 

Brown. 

Brown ppt. 

Solution in alco- 
hol. 

Cr — brown. 

bellow pastes 
insoluble in 
Water. 

Yellowish- 

brow 

solution. 

No change. 

Orange. 

Grey ppt. 

Cr — greenish-yel- 
low. 

Slightly soluble 
in boiling alco- 
hol. 

Black paste; 
wluble in 
bot water. 

Blue. 

Brownish- 

red. 

Yellow ; on 
heating red, 
SOt evolved. 

j Black ppt. 

1 

Soluble in alco« 
hoi. 

Cr — black. 
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Com- 

mercial 

name 

Formula 

Remarks 

Alizarin 
Blue. 
Alizarin 
Blue R, G- 
W, A, DN- 
W, F, R. 
RR, AB. 

r(i)OH 

ScH-CH 

' 1(S)N» CH 

From ^-nitro- 
alizarin. 

Alizarin 

Yellow. 

Ci^HioOio 

From ellagic acid. 

Anthracene 

Yellow. 

Ce- 

:(i)OH 

(3)0 -CO 

(3) C(CH3)=<1h I 

( 4 ) Br 

(5) Br 1 

l(6)0H ! 

From pyrogallol 

Alizarin 
Bordeaux 
B, BD. G, 
GG. 

: f(i)OH 

^ ;(r)OH 

(.000(3) 

(4)0H 

Oxidation of 
alizarin. 

Alizarin 
Cyanin R. 

f (i)OH j Oxidation of 

C.H,ljg<^J}c.Hlu|0H 1 AH.Hn Bo. 


Alizarin 
Cyanin G, 


Treatment of 
preceding with 
air and ammo- 
nia. 

Alizarin 

Red S. 
Alizarin 
Carmine. 
Alizarin 

ws. w, 

SA. 


(6 OH 
(S)0H 
[ SOjNa 

From alizarin 
with c o n c e n- 
trated HiS04. 

Alizarin 

Maroon. 

{ ScO(3) } ’ 

(i)OH 

4 OH 

(S NH, 

(6) OH 

From n i t roa li- 
zarin. 

Alizarin 
Blue S. 

Alizarin 
Blue Solu- 
ble Powder 
ABS. 

Anthracene 
Blue S. 


From Aliza rin 
Blue. 

Alizarin 
. Indigo 

Blue S. 

ai“i;:;oi 

SO»Na } ] 

OH .1 

SOiNa ; J 

.N - CH 
C.(OH)< ! 

XIH-CH 

From Alizarin 
Green. 

Alizarin t / \n 

/OH \(. 
SOiNaf 

SOjNa J ^3) 

] yU - CH 

From Alizarin 

Blue. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Blue crystals; 
insoluble in 
water. 

Green in 
alcohol 
solution. 

Orange in 
alcohol so- 
lution. 

Carmine- 

red. 

Orange. 

A1 — bluish- violet 
Fe — green ish- 
blue. 

Cr — India -blue. 
Soluble in alcohol 

Brown paste; 
insoluble in 
water, > 

Brown 

solution. 


Brown. 

Ellagic 
acid ppt. 

Slightly soluble 
in alcohol. 

White paste ; 
slightly sol- 
uble in 
water. 

Brown solu- 
tion repptd. 
by. acids. 


Brown. 






Red paste; in- 
soluble. 

Violet solu- i 

tion. 1 

1 

Violet. 1 Red ppt. 

A1 — bordeaux. 

Cr — violet-blue. 

Brown paste; 
insoluble. 

Blue solu- 
tion. 


Blue solu- i 

tion. 

Al-violet. 

Cr — blue. 

Black paste: 
insoluble. 

Greenish - 
blue solu- 
tion. 


Red. 


Soluble in alco- 
hol, 

Al— blue. 

Cr — blui^ -green. 

Orange pow- 
der; orange 
solution. 

Violet. 

Yellow. 

Orange. 

Yellow. 

Soluble in alco- 
hol. 

Al — scarlet. 

Cr — bordeaux. 

Violet paste; 
insoluble. 

Violet solu- 
tion. 

No change. 

Red. : 

Al — garnet. 

Brown pow- 
der; brown 
solution. 

Violet. 

Orange. 

Y ellow. 

Brown ppt. 

Cr — blue. 

^ark brown 
paste; red 
solution. 

Blue. 

Blue ppt. on 
boiUng. 

I 

Cr~indigo-hlue, 

^ark brown 
paste; solu- 
ble m cold 
water. 

Violet. 

: 

: Cr — bluish-green. 

i 

1 • 

1 
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Com- 

mercial 

name 

t 

i 

Formula 

Remarks 

Ru£gallol. 

iSl^‘“((3)CoS}c-H 

f(i)OH 

(5)0H 

i(6)0H 

Prom gallic acid. 

Fast Black 
B. 1 

Not determined. 

From dinitro- 
naphthalene. 

Fast Black, 

BS. 

Not determined. 

From Fast Black 
B. 

Alizarin 
Garnet R, 
Alizarin I 
Cardinal. | 


From benzoylali- 
zarin. 

Alizarin 
Orange I 
G. 

HO(s)C.H,{W8oS}c.h{| 

:i)OH 

6)0H 

’s)NH2 

From flavopur- 
ptuin. 

Alizarin j /N =* CH 

Black P. . H0(5)QH3 { gCO(z) 1 : 

From amino- 
fiavopurpurin. 

Alizarin Not determined. 

Black S. ' 

i 

From Alizarin 
Black P. 

Anthracene HO(i) 1 

Bh..WR.| HO(‘>|c.H{<;]g8S 

U)OH 

(5)0H 

From dinitroan- 
thraquinone. 

Anthracene Not determined. ^ Prom dinitroan- 

Blue WG.j j thraquinone. 

Anthracene 
Blue WB, 

Not determined. 

! From dinitroan- 
1 thraquinone. 

Acid Ali-j SOiNa(6) I f 

zarin Blue HO(i) Ip f ( 2 )CO( 2 ) \ p J 

BB, GR. i HOUj j t (3)00^3) ; 1 

(i}OH 

U)OH 

(6)0H 

(sJSOaNa 


Acid Ali- 
zarin green 
B,G. 

S0,Na(5) ] 1 

(4)SH 

(i)OH 

5 OH 
^)SOiNa 


Alizarin 

Dark 

Green. 


Naphthazarin 
melt and phe- 
nols. 
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Character of 
dyestuff 

Reaction (ff aqueous 
solution 

[■ 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Red powder; 
insoluble in 
water. 

Blue solu- 
tion. 

No change. 

Red. 


Cr — brown. 


Dark blue 
paste; insol- 
uble in 
water. 

Violet solu- 
tion in hot 
NaOH. 


Green, 


Direct dye for 
cotton. 






Green. 


Soluble in alco- 
hol. 

Dyes cotton in 
cold bath. 

violet solu- 
tion. 




Red paste; in- 
so 1 ub le 
in water. 

Red solution 

Brown. j 

j 

Brown. 

Red ppt. 

Soluble in alco- 
hol. 

A1 — bluish- red. 

Orange paste; 
insoluble in 
water. 

Violet. 

Brighter. 

Orange. 

Orange ppt. 

Soluble in alco- 
hol, 

A1 — orange. 

Black paste; 
insoluble in 
water. 

Green. 

Brown. i Brown. 1 

i 

Brown ppt. 

Soluble in alco- 
hoL 

Cr — violet-grey. 

Dark brown 
paste; brown 
solution. 

Violet. 

Black ppt. 

Brown. 

Brown ppt. 

Cr — grey- 

Brown paste; 
insoluble. 

Blue. 


Violet. 


Soluble in alco- 
hol. 

A1 — violet. 



Dark blue 

paste; violet 
solution in 
hot water. 

j Green. 


Brown. 


A1 — blue. 



Dark Blue 

paste; insol- 
uble in water 



A1 — g reenish- 
blue. 




Red crystals; 
red solu- 

tion. 

Violet. 

No change. 

Violet. 

Red. 

Acid dye for wool. 

Dark red crys- 
tals; green 
solution. 

Violet. 

Violet. 

Blue. 

Violet. 

Acid dye for wool. 

Greyish-brown 
powder; vio- 
let solution. 

Greenish 

blue. 


Violet. 

Redder: 
dark ppt. 

On chrome mor- 
danted wool. 
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The foregoing table shows the characters of different varieties of 
alizarin and analogous colouring matters met with in commerce in the 
form of paste. 

In forming an opinion on the quality of commercial alizarin, a 
dye-test is comparative useful, and is best conducted as follows: A 
length of white calico, 4 in. wide, is boiled in water containing a 
little sodium hydroxide, to remove any stiffening agents. After being 
'thoroughly washed, it is immersed in a solution of aluminium acetate 
(“red-liquor”) of known volume and concentration, the time of im- 
mersion and the temperature being duly noted. The calico is then 
removed, wrung out, and torn into a number of strips 3 in. wide, which 
are hung to drain, o . 5 grm. of each sample of alizarin paste to be 
tested is then weighed out and put into a corresponding number of 
wide-mouthed beakers or dye pots of similar size arranged in a suitable 
water-bathA 1,000 c.c. of water at 40° is then poured into each, and 
the liquid well agitated to facilitate the solution of the alizarin. A 
strip of the previously mordanted calico of known or calculated weight 
is then immersed in the contents of each vessel, care being taken that 
it is suspended freely so that all parts are kept in contact with the 
liquid. This is best done by attaching it to a thread tied to a glass 
rod placed across the mouth of the beaker or dye pot. The tem- 
perature of the bath is then gradually raised, so that it may reach 
75° in about an hour and a half from the immersion of the cloth, after 
which the temperature is increased to about 90^ for half an hour longer. 
The strips of calico are now withdrawn, rinsed in cold water, and 
dried. Each strip should then be cut into equal portions, one of 
which is preserved, while others are steeped for half an hour at about 
40°“42° in I litre of water containing 2 grm. of white curd soap.^ 
The strips are then taken out, rinsed in cold water, and put into 
another bath made with the same quantities of soap and water, with the 
addition of 0.6 grm. of stannous chloride (“tin crystals’’), which is 
allowed to boil for 30 minutes. The strips are then removed, well 
rinsed, dried, and preserved for reference. 

Instead of relying on the behaviour of the dyestuff with a single 
mordant, it is preferable to use a piece of cloth printed in 5 or 6 

* A very convenient apparatti* for the dyeing of small samples consists in an enamelled 
vessel which may be heated directly over a small Fletcher burner. Either a litre or a halt- 
litre vessel may be employed. Two stirring rods of glass may be used for the purpose oi 
working the material (either yam or cloth) in the bath. 

^ In some cases, as m the assay of reds, it is desirable to precede the aoAO treatment by 
an oil process. Tliis consists in immersing the fabric in a s% solution of ^rkey-rt'd oH* 
again drying the cloth, and then exposing it to open steam in a suitable box for x hour- 
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parallel lines with, e. g., {a) strong solution of aluminium acetate; {b) 
weak aluminium acetate; (c) strongironacetate; {d) weak iron acetate; 
(e) mixture of. strong solutions of aluminium and iron acetates; (J) 
mixture of weak solutions of aluminium and iron acetates.^ 
The shades dyed by commercial alizarin depend much on the com- 
position of the colouring matter. Thus the variety giving blue shades 
(e. g., Alizarin F, or extreme blue shade ’’) consists chiefly of real 
alizarin. In dyeing, it yields with alumina mordant a bluish but not 
very brilliant shade of red; but with a small proportion of mordant 
very beautiful shades of pyik can be obtained. When mordanted 
with iron, it is used for dyeing and printing fast violets. The yellow 
shades of commercial alizarin {e. g., Alizarin G) contain a large 
percentage of Anthrapurpurin and Flayopurpurin, and but little 
alizarin. Anthrapurpurin yields an almost neutral red with alumina 
mordants; but Flavopurpurin gives a fiery red containing a considerable 
proportion of yellow, and hence the larger the proportion of fiavopur- 
purin the yellower the shade. Iron mordants give with anthrapurpurin 
and flavopurpurin violets of little or no practical value. Purpurin does 
not occur in artificial alizarin, but was a very common constituent of 
the dye from madder, which was the chief reason of the different 
shades produced by natural and artificial alizarin. 

Detection of Alizarin and its Allies on the Fibre. 

Alizarin and other allied colouring matters are applied in so many 
ways, and with such a variety of mordants, that it is not possible to 
describe the method of dyeing shortly. As the use of a mordant is 
essential, they are not so suitable for silk as the substantive coal-tar 
dyes. Alizarin is used in wool-dyeing, not merely as a bottoming 
colour for indigo, etc., but as a self-colour with mordants. Thus when 
mordanted with alum and tartar it gives fine reds and scarlets; with 
stannous chloride, orange shades; with potassium dichroniate, rich 
claret-browns; with ferrous sulphate, shades ranging from bluish- 
violet to black; with nickel ammonium sulphate, grey; and with 
uranium acetate, slate-blue shades. These colours are fast to light 
3nd air, and resist milling, 

The mordants used in dyeing cotton with alizarin are various 

can printed in the manner recommended, or any other which may be desired, 

W! obtainei) by order from qiany calico-printers. 

VOL. V,— 15 
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compounds of calcium, aluminium, iron, chromium and tin, besides 
tannic acids and oils. Turkey-redj one of the fastest and most perfect 
of the alizarin styles, is dyed by a complicated series of operations, in 
which the formation of a compound of alumina with alizarin and a 
fatty acid is an essential step. Treatment with ether changes cloth 
dyed turkey-red to a dull cherry-red colour, and on evaporating the 
ethereal solution a brilliant scarlet semi-solid residue is left. This 
dissolves in hot sodium hydroxide solution with purplish-blue colour, 
and on adding hydrochloric acid alizarin is precipitated in orange 
flakes. Alizarin Violet may be obtair^ed in a similar manner to 
turkey- red, the blue shade of alizarin being used for its production. 
Other violets are obtained by the use of an iron mordan (see page 1 19). 

Turkey-red is but little affected by a dilute solution of bleaching 
powder if free acid be absent, but the other alizarin colours are gradu- 
ally bleached. 

Alizarin is not affected by potassimn dichromate, but free chromic 
acid destroys it. Dilute solutions of permanganate (1%) and alkaline 
solutions of fenicyanides are without effect on colours produced by 
arli&cial alizarin, but purpurin is easily oxidised. The last reagent 
especially is of value for distinguishing colours produced by artificial 
alizarin from those produced by madder, as the latter ’always contains 
purpurin. Madder-dyed fibres are also distinguished by boiling them 
with a strong solution of alum, when the purpurin is dissolved with 
formation of a reddish-yellow liquid, which exhibits a strong greenish- 
yellow fluorescence and characteristic absorption-bands (page 135). 

On exposure to nitrous fumes, doth dyed with* Alizarin-Red be- 
comes orange, from formation of nitro-alizarin. 

Fibres dyed with alizarin are but little affected when boiled with 
ammonia or sodium hydroxide solution of moderate strength. Alizarin 
Red is turned violet when boiled with baryta water. Dilute acids are 
almost without action. Concentrated hydrochloric acid decomposes 
the colour lakes, and partially or completely removes the metallic 
oxides. The violets are more readily affected than the reds, and of 
the latter turkey-red offers the greatest resistance. 

Cold concentrated sulphuric add dissolves the fibre of cotton as well 
as the colouring matter. On diluting the solution with water, the 
alizarin, etc., will be thrown down as a flocculent predpitate, which 
may be dissolved by agitation with ether. The separated ethereal 
solution on evaporation will leave a residue, in which alizarin and its 
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associates may be recognised by their appearance on sublimation, the 
colour and absorption-spectra of their alkaline solutions, etc. 

Fabrics dyed with alizarin are decolourised when boiled with a 
mixture of 2 parts of alcohol and i of strong hydrochloric acid. 
This behaviour distinguishes Alizarin Black from Aniline Blacky which 
latter colour is Unaffected, or merely turned greenish, by similar treat- 
ment. Logwood blacks, on the other hand, are destroyed even by 
dilute acids, which acquire a red colour. 

Strong acid oxidising agents, such as nitric acid and ferric chloride, 
destroy alizarin colours. 

Chrysopbanic Acid, Etc. 

Chrysophanic Acid. C,5H,(j04. This substance occurs in 
rhubarb root, of which it is one of the main constituents, but it appears 
not to be the active principle of this drug. According to Turin 
and Clewer (Trans, igio, 97, 6,) it is probably i-methyl-chrysazin 



It can be extractfcd from rhubarb root by means of ether; as so obtained 
it is always accompanied by methylchrysophanic acid, which causes, 
the m. p. of the product to be sometimes as low as 154®. (Compare 
Oesterle and Johann, Arch, Pharm,, 1910, 248, 476-500.) The pure 
add melts at 186-188® (Hesse, Annden, 1899, 309, 36) . It crystallises 
in small yellow scales. It is not immediately soluble in ammonia, but 
gradually chemical action takes place with production of a purple 
solution. , Solutions of similar colour are obtained at once with aque- 
ous alkali hydroxides. It is insoluble in alkali carbonate solution. 
E. P. Alvarez (Ann. Chim. Anal., 1907, 12, g) gives the following 
reaction: 0.05 to o.i grm. of the substance are placed in a porcelain 
dish with 0.3 to 0.3 grm. of sodium peroxide and 5 c.c. of alcohol. 
After 4 to 6 minutes 15 c,c. of water are added. Chrysophanic add 
gives a cherry -red colouration, becoming brighter on adding the water. 
Under the same conditions chrysarobin (vide infra) gives the colour of 
Ifics of wine, which persists on adding the water and is changed by 
acetic add to yellow. 

Chrysarobin, is obtained from Araroba or Goa 

puwder by extraction with certain solvents such as chloroform or 
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ether. These substq^pces are the secretions of certain trees. A large 
amount of chrysarobin is sold as “chrysophanic acid,” but contains 
none of that substance, which can, however, be obtained from it by 
oxidation in alkaline solution (Oesterle, Arch, Phar.y 1905, 243, 434), 
Chrysarobin is the anthranol corresponding to chrysophanic acid, and 
has the formula 

/C(OH)v 

0H.C.H,(CH3)< >C,H3.0H. 

\C(OH)^ 

The crude product is used in the treatment of skin diseases. Pure 
chrysarobin consists of lemon-yellow scales, m. p. 202°. It is insoluble 
in sodium carbonate solution. Its alkaline solution becomes brown 
on adding ferric chloride. 

The following are the chief differences between chrysarobin and 
chrysophanic acid: 



Chrysarobin 

Chrysophanic acid 

Action of ammonin 

Insoluble 

Slowly soluble with red 
colour.. 

Action of very dilute potas- 
sium hydroxide solution. 

Undissolved at first. On agi- 
tation with air, dissolves 
with red colour. 

Soluble with red colour. 

Action of strong potassium hy- 
droxide solution. 

Soluble with yellow colour 
and strong green fiuores- 
cence. On exposure to air. 
colour changes rapidly to 
red. 

Soluble with red colour. 

Action of fusing potassium 
hydroxide. 

Brown colouration 

I 

Blue colouration. 

Action of concentrated sul- 
phuric acid. ■ i 

Soluble with yellow colour , . 

Soluble with red colour. 


According to J. Agema, commercial chrysophanic acid may be 
purified by dissolving it in chloroform and adding an equal volume of 
rectified spirit, when the pure acid only is precipitated. 

Exposure to a temperature of 195^ converts chrysophanic acid 
into a substance allied to purpurin, which colours alum mordants 
pomegranate-red and iron mordants a light greenish-blue. H 
is nearly insoluble in water, but dissolves sparingly in hot alcohol 
(i in 224), the greater part separating on cooling. Chrysophanic acid 
is also readily soluble in ether, chloroform, benzene, petroleum spirit, 
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amyl alcohol, and glacial acetic acid, the solutions being yellow or 
brownish-yellow. 

Chrysophanic acid is precipitated in yellow flakes on neutralising 
Its alkaliiie solutions. A very small quantity of alkali suflices for the 
production of the red colour. If the red solution of chrysophanic acid 
in alkali hydroxide be evaporated to dryness, it turns violet and blue 
during the operation. The films deposited on the sides of the vessel 
especially exhibit this change of colour. 

If a solution of chrysophanic acid in ether, chloroform, benzene, 
amyl alcohol, or petroleum spirit be shaken with solution of sodium 
hydroxide, the colouring matter passes completely or partially into the 
aqueous liquid, which it colours pink or crimson. Ammonia gives the 
same reaction as sodium hydroxide with a solution of chrysopl^anic 
acid in ether or petroleum spirit, but does not readily extract the 
colouring matter from its solution in chloroform or benzene. 

The acid characters of chrysophanic acid are but feebly marke^. 
It forms unstable barium and lead salts, which are decomposed even 
by carbonic acid. An ammoniacal solution of chrysophanic acid forms 
a lilac precipitate with acetate of lead, and a rose-coloured precipi- 
tate with alum. 

Chrysophanic acid is not acted on by dilute nitric acid, but the strong 
acid converts it into tetranitro-chiysophanic acid, Ci5Hg(N03)404, 
a compound homologous with chrysamic acid, obtained by the action 
of nitric acid on aloes or chrysazin. 

When heated with acetic anhydride and sodium acetate chryso- 
phanic acid yields a diacetyl-derivative. 

When heated with zinc-dust, chrysophanic acid is reduced to 
methyl-anthracene, CjsHjo, just as alizarin and chrysazin yield anthra- 
cene, C,4Hg, when similarly treated. 

ChrysoJjhanic add possesses dedded antiseptic properties, and 
has proved of service in the treatment of certain forms of skin disease. 
It is said to be somewhat uncertain in its action, a fact which is 
possibly due to an admixture of chrysarobin, to the deoxidising 
action of which impurity it has been suggested that the chrysophanic 
acid of commerce owes its chief value. 

Chrysophanic add is said to produce purplish-brown stains on 
kuen or cotton, which are only removable with difficulty, prolonged 
ttmnersion of the fabric in a solution of bleaching-powder being the 
mode of treatment. It is doubtful whether these stains are pro- 
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duced except in the presence of an alkali. A solution of chrysophanic 
acid in alcohol, acetic acid, or petroleum spirit merely colours linen a 
light yellow colour. On washing the stained fabric with soap, the 
purplish-brown stain is readily developed.* 

An aqueous or alcoholic solution of chrysophanic acid does not dye 
silk or wool yellow. 

Chrysophanic acid is said to be liable to adulteration with picric 
acid and other yellow colouring matters. Inorganic adulterants may 
be detected by igniting a portion of the sample. Picric acidj if present, 
would be detected by the yellow colouration the sample imparts to 
cold water; by the yellow crystalline precipitate produced on adding 
potassium carbonate to the alcoholic solution of the sample; and by 
imn^rsing a piece of white wool in the hot aqueous solution, which, in 
presence of picric acid, will be dyed yellow. Aurin or rosolic acid 
might be detected in chrysophanic acid by treating the sample with 
chloroform or benzene, which would dissolve the chrysophanic acid 
without affecting the adulterant. 

Good rhubarb yields a colourless extract even when left for several 
days in contact with petroleum spirit, while a rhapontic rhubarb yields 
an intensely yellow extract. According to Rochleder (Ckem. News, 
20, 78), the acid from rhubarb generally contains emodin, 

This substance has the constitution of a tri-hydroxymethyl-anthra- 
quinone, and hence is homologous with purpurin. It occurs to a 
notable extent in the bark of Rhamnus frangula, and may be separated 
from chrysophanic acid by means of sodium carbonate, which dissolves 
the emodin only, with blood-red colouration. It forms long, brittle, 
monoclinic pri^s, m. p. 245^-250®, and is converted into methyl- 
anthracene by Beating with zinc-dust. 

A substance having considerable analogy to chrysophanic acid 
occurs in the root of the Mexican plant Trixis pipitzafimc or Perezia 
fruclicosa. This substance which has been named pipUzahoic acid, 
has the formula and dissolves in alkalies with a colour 

resembling that of potassium permanganate (Anschtitz and Leather, 
J. Chem. Soc., 1886, 49, 709). 

'' 1 Evidently, the pix>ductkm o£ chtysophanic add stains on linen may be avoided by dissolv- 
ing out the colouring matter and grease with benzene. 
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Group 6. Dipbenylmetbane and 
Triphenylme thane 
’ Dyes. 

Group 7 * Pyrone, Xanthone and 
Fluoran Dyes. 

Group 8. Indamines and Indo- 
phenole Dyes. 


Group 9. Azine Dyes. 

Group 10. Qxazifle and Thiazine 
Dyes. 

Group II. Quinoline and Acridine 
Dyes. 

Group 12. Thiazole and Sulphur 
Dyes. 


6. DIPHENYLMETHAWE AM) TRIPHEinrLBOETHANE 
COLOURING MATTERS. 


By J. T. HEWITT, M, A., Ph. D., D, Sc., F. R. S. 


Diphenylmethane, and triphenylmethane, CH(C8H5)3, 

form the starting-point of a large number of organic dyestuffs. The 
numerous derivatives of the aurins, phthaleins and rosanilines may be 
classihed under these two parent substances. • 

Both hydrocarbons are colourless although they exhibit selective 
absorption in the ultra-violet, and introduction of amino- or hydroxyl- 
groups does not shift the absorption into the visible part of the spectrum, 
though if these substituted derivative^ are oxidised, colouring matters 
of quinonoid structure are obtained. This is easil^ seen by a com- 
panson of triphenylmethane, paraleucaniline and pararosaniline (as 
hydrochloride). 


•C.H. 

.c,h,.nh; 

•C.H. 

■CaH,.NH, 

•C.H, ^ 


•H 

.H 


Colourless. 


:C,H, : NHjCl 

Red. 


^phenylmethane is the parent substance of a few dyestuffs. In the 
aurammes the methane residue has become a ketone-imide group, 
"j lie eaclr of the benzene nuclei is substituted in the para position by 
yla-ted amino-groups. Aucamine is obtained from tetraineth;^- 
231 
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diaminobenzophenone (Michler’s ketone), the product of the inter- 
action of carbonyl chloride and dimethylaniline, by replacing the 
oxygen atom by the :NH residue. This is effected by heating to 
150°-! 70*^ with ammonium chloride and zinc chloride. If in place of 
ammonium chloride the hydrochlorides of aniline and allied bases are 
employed, substituted auramines are produced. The relationship of 
the substances mentioned are seen from the following formulae: 


Diphenylmethane 
Benzophenone 
Michler's ketone 
Auramine base 


CH,(C,H,)3 

CO(C.H,), 

CO(C^H,.NMe2)j 

C(:NH)(C,H,.NMej)2 


Since auramine base is colourless and the salts are intensely yellow 
the latter possibly possess a quinonoid structure, g.,( C.NH^)- 
{.CeH4.NMe2){:C«H4 :NMe2Cl), a hypothesis which receives strong 
support from an observation of A. Stock, who found that auramine 
salts may be obtained from Michler’s ketone and the hydrochlorides 
of secondary bases such as methylaniline. 

Auramine is now obtained by Sandmeyer’s method, which consists in 
heating a mixture of tetramethyidiaminodiphenylmethane (prepared 
from formaldehyde and dimethylaniline), sulphur and salt in a 
stream of ammonia. In this case the thioketone CSCCeH^NMe^la 
is formed as an intermediate product, the sulphur being removed as 
hydrogen sulphide and replaced by the imino-group. 

Auramine 0 appears in commerce as a yellow powder, 
HCI+H2O.. It is somewhat sparingly soluble in cold, but more 
readily in hot water, giving a bright yellow solution. It is also soluble 
in alcohol. Thexold aqueous solution is not changed by hydrochloric 
acid, but on boiling the liquid is decolourised, with re-formation of 
ammonium chloride and tetramethyldiaminobenzophenone. On 
addition of sodium hydroxide, the aqueous solution of auramine yields a 
white precipitate of the free base. The precipitate dissolves on agita- 
tion with ether, and the separated ethereal solution is not fluorescent, 
but communicates a yellow colour to acetic acid when shaken with it. 
When treated with zinc and acetic add, auramine gives an evanescent 
green colouration. Alkaline reducing agents, such as sodium amalgam 
or zinc and ammonia, gradually decolourise the alcoholic solution of 
auramine, and on adding water a colourless reduction-product is 
dpitated, which when heated with acetic add yields a deep blue 
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colour. With strong sulphuric acid it yields a colourless solutipn, 
which on dilution with water, becomes yellow in colour. 

Auramine dyes textile fibres mordanted with tannin a greenish- 
yellow which is fairly fast to washing and light, but very sensitive to 
chlorine; the fibre is decolourised both by alkalies and acids. Aura- 
mine has been used to a considerable extent in paper staining and 
leather dyeing. 

Besides the pure grade, Auramine O, other qualities are sometimes 
met with imder the names Auramine I, II, or III; these usually con- 
tain a greater or less amount of dextrin. 

The Auramine G of the Badische Anilin-und-Soda-Fabrik has the 
constitution 

CHj CHg 

C(.NH,)(.<^ )nH.CH 3)(: ( ) :NHMeCl), 

it is prepared by heating dimethyldiaminoditolylmethane with sulphur 
in a current of ammonia, it is dyed , like Auramine O but gives a 
greener shade of yellow. The liability of the auramines to hydrolysis 
renders caution necessary in use; the dye-bath should not exceed 160° 
F. (70°). 

Triphenylmethane is the parent hydrocarbon of a large number of 
dyestuffs the leuco-compounds of which can be considered as di- 
or tri-parasubstituted hydroxy- or amino-derivatives. The colour 
varies greatly with the number and nature of the substituting groups 
which are usually all in the para-position to the parent methane carbon 
atom, in which position it seems absolutely essential that some of the 
groups should be situated for the production of a dyestuff. Generally 
speaking, the introduction of amino-groups has the effect of diminishing 
the oscillation frequency of the coloured compound to a greater extent 
than hydroxyl, while substitution of the hydrogeh atoms of the amino- 
groups by alkyl radicals has a further effect in the same direction; this 
effect is even more marked when radicals of the aromatic series are 
introduced instead of aliphatic radicals. This is rendered apparent 
by consideration of the constitutions of pararosolic acid and aurine 
(orange), pararosaniline (red), Crystal Violet, andt riphenylpararos- 
aniline (blue). 

[ .C,H,.OH 
l:CeH,:0 


Pararosolic acid 
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C 

:C,H,; NHjCl 

.C.H,.N(CH,), 

C '.C,H,.N(CH,), 
:C,H,:N(CH,)jCl 

■.C,H..NH.C.H5 
C .C,H,.NH.C,H, 
;C.H/:NH(C,H,)a 

In writing the above fonnulae, the generally used paraquinonoid 
constitutions have been employed though other formulations have 
been adopted at different times. Thus pararosaniline may also be 
written as: 

.C^H.-NH^Cl 

I 

,a 

.C,H,.NH3 

the last two structures representing the substance as a carbonium salt. 

Assuming however the generally received paraquinonoid constitu- 
tions represented above, the relationships of the compounds mentioned 
above to triphenylmethane are easily recognised. By the reduction 
of pararosaniline a colourless compound, paraleucaniline is produced 
which is simply triaminotriphenylmethane, for it may be produced 
from triphenylmethane by the introduction of three nitro-groups and 
their subsequent reduction to anaino-groups in accordance with the 
scheme, 

- CH(C,H,.N 03 ), - CH(C,H*.NH3), 


Pararosaniline 


Crystal Violet 


T riphenylpararosaniline 
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while triphenylmethane may be obtained from paraleucaniline by 
diazotisation and subsequent boiling with alcohol. 


CH(C,H,.NH,)3 -- CH(C,H,.N,.S 0 ,H )3 


CH(C,H,)3, 


While paraleucaniline is a colourless substance, both as free base and 
as salts, it yields on oxidation in acid solutions the powerfully coloured 
salts of pararosaniline from which alkalies precipitate a colourless 
base to which a carbiqol structure is usually assigned. ’ The oxidation 
of the paraleucaniline salt to pararosaniline and the relationship of 
the latter to a carbinol base may be represented as follows: 


C 


( 0 ) 

.C8H,.NH3.HC1 - 
.H (2H) 


.C.H^.NH^ (KOH) 
;CeH,:NH2CI (HCl) 


.CeH^.NH^ 

.OH 


The carbinol bases are colourless and frequently give feebly coloured 
solutions with cold dilute acid; the colouration of the quinonoid salt 
develops on standing. It appears probable that the acid first attaches 
itself to an amino-group, the elements of water being subsequently 
eliminated. 

The anhydride of the carbinol base 





or more probably 


[ lCeH,:NH 


identified by Baeyer with “Homolka’s base,” is according to his view 
(Ber.f 1905, 38, 581) an intermediate product in the formation of the 
carbinol base on treatment of a pararosaniline salt with alkali. The 
actual anhydride does not appear to have been obtained in a j)ure 
condition, a discussion which took place between H. Weil {Ber., 1896, 
29, 1541, 2677; 1900, 33i 3141) and von Georgievics {Monatskf 1896, 17, 
7; 1900, 21, 407; Ber.j 1896, 29, 2015) having led to no definite result; 
while the products obtained by Baeyer {Ber.^ 1904, 37, 2869) gave 
numbers on analysis lying between those required for the carbinol and 
anhydro-base. While diamino-fuchsone-imine (Baeyer’s name for 
ihe anhydro-base of pararosaniline) has not been very definitely 
isolated, the diphenyldiaminofuchsonephenylimine corresponding to 
tnphenylpararosaniline (Pararosaniline Blue) may be obtained in a 
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condition giving satisiactory figures on analysis (Baeyer and Villiger, 
Ber., 1904, 37, 2871). 


[.C,H,.NH.C«H5 

[ C..H,.NH.C A 

C .CgH^.NH.CeHs HO.G 


:C,H,:N.CeH, 

1 .C.H,.NH.C,H, 

A 


H a 





Pararosaniline tlue. 


Carbinol base.^ Diphenylaminofuchsone- 

pbeny limine. 


The relationships between pararosaniline and Crystal Violet and 
pararosaniline blue are evident since the two latter compounds may 
be respectively obtained 1^ the methylation and phenyl ation of 
pararosaniline. 

Pararosolic acid may be obtained from pararosaniline by the action 
of nitrous acid, while the converse change may be effected by heating 
/>-rosoiic acid with ammonia solution to 200° under pressure. A less 
energetic treatment with ammonia effects partial replacement of the 
hydroxyl groups with the production of red corallin or peonin. 

Pararosolic acid may also be reduced to a leuco-compound, trihy- 
droxytriphenylmethane, similarly capable of oxidation to the original 
dyestuff 


.CeH,.OH 

[.H 


( 0 ) 

(2H) 


[.CeH,.OH 
C .C,H,.OH 
1 :C«H,;0 


Besides possessing phenolic properties, Aurine (^-rosolic acid) 
combines with acids; reference will be made to the generally basic 
character of triphenylcarbinol and its ‘derivatives. 

The colour and dyeing properties of triphenyl methane dyestuffs 
are conditioned not only by whether the auxochromic amino-groups 
are unsubstituted, alkylated or phenylated, but also by the number of 

1 It may be noted that Weil iBer., 1895, 28, aoj) has suggested an alternative formula 
for the carbinol bases, thus for pararosaniline he gives 
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benzene nuclei in which substitution has been eff^ted. Thus the 
parent substance fuchsone-imine 


C 


.C,H, 

:C,H,:NH3C1 


Fuchsone-imine salt. 


c 


■C,H, 

:C,H,:NH,C1 


Doebner’s violet, 


is coloured and gives reddish-orange salts only capkble of dyeing 
cotton mordanted with tannin. One additional amino-group leads to 
the reddish-violet salts of Doebner’s Violet, while yet another amino- 
group is contained in pararosaniline. 

A comparison may also be instituted between the methylated amino- 
fuchsone-imines; thus malachite green contains one dimethylamino- 
group less than crystal violet. 



.C.H..N(CH3)3 

C .C,H,.(NCH,)j C 

.C.H3.N(CH3)3 C 

[:C,H,:N(CH,)3C1 

[;C,H.:N(CH3)3C1 


Malachite green. Crystal violet. 


.C,H,.N(CH,)3C1 

.C,H,.N(CH3)3 

:C.H,:N(CH3)3C1 

Methyl green. 


The “auxoc bromic” effect of this dimethylamino-group is very marked,^ 
for if it be converted into an ammonium group by the addition of 
methyl chloride, a green colouring matter is once more obtained. 

Malachite Green is obtained by the oxidation of the tetramethyl- 
diaminotriphenylmethane which results from the condensation of 
benzaldehyde with dimethylaniline, substituted benzaldehydes giving 
derivatives of Malachite green which generally speaking show only 
minor differences of shade when the substituents are not such as can 
be considered as auxochromic in their action. It is different however 
in the case of »the hydroxybenzaldehydes, for with this compound the 
members of the Patent blue (greenish- blue) group can be prepared. 

Most of the dyestuffs of the triphenylmethane series are basic colour- 
ing matters, though in many cases they are used as acid dyestuffs, 
sulphonic groups being introduced into the molecule. This sulphona- 
tion wluch does not effect any radical alteration in colour is often 
resorted to in order to render a dyestuff water-soluble. 

The cause of the colour (selective absorption in the visible spectrum) 


„ ^ 6 diacussion of the effect of auxochromic groups, reference may be made to Hugo 

i^uffmann, *' Dit AuxochratiUt" Ahrens' Sammlnnf, 1907, I 3 . 
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of these compofcds has caused considerable discussion^ it is probably 
connected with their quinqnoid constitution,^ 

It is a noteworthy fact that triphenylmethyl chloride dissolves in 
concentrated sulphuric acid with evolution of hydrogen chloride giving 
a golden yellow solution from which on large dilution with water the 
colourless triphenylcarbindl^ is precipitated (Norris and Sanders, 
Atner, Chem, 1901, 25, 54; F, Kehrmann and F, Wentzel, Ber.y 1901, 
34, 3815); moreover, a number of coloured salts can be isolated from 
triphenylcarbinol, and Kehrmann and Wentzel assume in these a 
quinonoid constitution: 



Cl.C.H 

Colourless, Coloured. 


Gomberg and Cone hold much the same view { Ber.y 1907, 40, 1847; 
1909, 42, 406; Annalmy 1909, 370, 145) stating that triphenylchloro- 
methane and all analogous compoimds exist in two tautomeric forms, 
the colourless having a benzenoid structure while a quinonoid con- 
stitution is to be given to those which are coloured. According to 
them, the carbon atom marked ♦ assumes basic properties and the 
substances are to be looked on as real “ quinocarbonium salts.’^ 
(Compare FlUrscheim, Trans. Chem. Soc., 1910, 97, 91.) 

Until recently the coloured salts isolated in a condition fit for 
analysis have been double metallic chlorides, but Gomberg and Cone 
show that in many cases coloured perchlorates containing only i 
molecule of add per molecule of base can be prepared. A similar line 
of research is also being pursued by K. A. Hofmann and his co-workers 
who have isolated the coloured mono-perchlorates of triphenylcarbinol, 


•See H, E. Arradrong, Proc. Ch*m. Soc., iM8, 4 « a?; 189 a, flw lOt, J03, i43* 

W. N. Hartley, Pfoc. Chem. Soc., 180a, S, tS$:NiettVi, (^iwtische Farbxtciff*, and many 
later papcn by Baly, Green, Hantzacn, Hewitt, Kauftnann, etc. 
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phenolphthalein and dibenzylideneacetone, the cMperchlorate of, 
fluorescein (Ber., 1909, 42, 4856) as well as the monoperchlorates of 
aurin and trianisylcarbinol (Ber,, 1910, ^3, 183). 

Evidently then triphenylcarbinol is capable of yielding a carbon and 
hydrogen complex to which weak basic function must be attributed, 
the introduction of amino- or alkylamino-groups in the para-position 
to the methane carbon atom, and, in a lesser degree hydroxyl or alkyl- 
oxyl groups increases considerably the basic properties so that in the 
case of pararosaniline and Crystal Violet, salts are encountered which 
show no sign of hydrolytic dissociation in aqueous solution (Miolati, 
Ber.f 1890, 23, 1788; 1895, 28, 1696; Hantzsch and Osswald, Ber., 
1900, 33, 378). 

From such solutions alkalies yield precipitates of carbinol bases, 
colourless, insoluble in water, soluble in organic liquids and without 
alkaline reaction, evidently differing in constitution from the salts from 
which they are obtained; this in fact furnishes a most important 
argument for the relationship usually assumed to exist between coloured 
quinonoid salts and colourless carbinol bases. 
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These triphenyl methane colouring matters, containing two parau 
aminated aromatic nuclei, are usually prepared from an aromatic 
aldehyde and two molecules of an aromatic amine (usually tertiary) 
the resulting leuco-compound being subsequendy oxidised. 

Doebner’s Violet (aminofuchsone-imonium chloride) is the typical 
substance of this group but is of no technical importance. The 
simplest dyestuff of the series which occurs in commerce is Malachite 
Green, the leuco-compound of which is produced by the condensation 
of benzaldehyde with two molecules of dimethylaniline. 

C,H,.CHO +2CeHB.N(CH,), =H ,0 -hCeH^.CH(CeH,.NMe,), 
Subsequent oxidation in acid solution gives the dyestuff 

CeH^.CH 

l.C,H,,N(CH5)jHa+0- 

.C,H,.N(CH3), 
|:C,H,:N(CH3),C1 
The process depending on the direct condensation of benzotrichloride 
a secondary base is of no technical importance. 


H^O+CeH^.C 
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In preparing a^d dyestuffs of this group the dimethylaniline is 
replaced by bases such as ethybbenzyl-aniline, the benzyl group being 
readily accessible to sulph ©nation. The preparation of the acid of 
Light Green SF. is easily followed by means of the following scheme: 


C«H,.CH0 + 2C,H5.N 


[ CH.-C.Hs 


C.H. 


C,H. 


■C h('C«H. N [ .cH 3 'c,H,.S 03H ), “ 
.SOgH 

.SO,H 


C.H,.C 

SOa— 


.CaH,.N 

O 


.CHa.CaH^.SOaH 

.C,H, 

.CHj.CaH^.SOjH 


Dyestuffs obtained in this manner are not very fast to alkali since 
they are easily hydrolysed to salts of the colourless carbinol-trisulphonic 
.acid; this fault is not met with when a sulphonic acid group in the non- 
aminated nucleus stands in the ortho-position to the methane carbon 
atom. Examples may be given of Erioglaticine, obtained from benz- 
aldehyde-o-sulphonic add and ethyl benzylaniline sulphonic acid 
(sulphonated in the benzyl group), and Patent Blue, which is prepared 
from w-hydroxybenzaldehyde and diethylaniline, the leuco-c'ompound 
being subsequently sulphonated and oxidised. 



-C 


C,H,.N 


Erioglaudoe* 


1 .CH,.C.H,.SO,H 
/ CA 

\ .CH,:C,H,.SO,H 
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CeH,:N(C,H5)3 


SO2 


' Patent blue, 

(Both given as the free acids.) 


Malachite Green, or Benzaldehyde Green/ is obtained by the 
reaction of dimethyl-aniline on benzaldehyde, whereby tetramethyl- * 
paradiamino-triphenyi -methane is produced, thus: 

CgHs . CHO + 2C,H5 . NMe2 = HjO + . CH(CaH,NMej) 

The hydrochloric acid solution of the product is oxidised by peroxide 
of lead at 6o°-8o°, preferably with addition of a little chloranil. The 
lead is removed by sodium sulphate, and the filtrate treated with 
common salt and zinc chloride, when the double zinc compound is 
precipitated. 

The double zinc chloride of tetramethyl-diamino-triphenyl-carbinol 
contains 3 C 25 H 24 N 2 iHCI-t- 2 ZnCl 2 -|- 2 H 20 . It forms brass-yellow 
prisms^ with a yellowish-green reflection. 

The double iron chloride (ferrous) also occurs in commerce as an 
inferior quality of benzaldehyde green. 

The oxalfitCf C 28 H 26 N 2 iC 20 <, forms scales having a green metallic 
reflection. 

All the commercial forms of benzaldehyde green dissolve easily in 
water and alcohol. They are also soluble in amyl alcohol, which 
character distinguishes them from methyl green (and its allies). 

The free base of benzaldehyde green is obtained as a green precipi- 
tate on adding an alkali to the solution of one of its salts. The pre- 
cipitate is soluble in ether and petroleum spirit, and after ciystallisa- ’ 
hon from the latter solvent forms colourless needles, which melt at 
126^-1300. 

The base of Malachite Green combines with both i and 2 molecules 
of picric acid to form insoluble picrates. 

The solutions of benzaldehyde green are bluish-green. By con- 
centrated hydrochloric acid they are changed to orange-yellow’, but the 
green colour is restored by dilution. Hypochlo^tes decolourise the 
Solution, and stannous chloride forms a green precipitate. 

“ Malackit* Gr*iH B, Betttal Grten, New Vktoria Green. New Green, Solid 
I ooiK* Green, 0, Piamond Green, Draton Green, Benzoyl Green, and Fosl Green. 

VoL. v.-~i6 
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Benzaldehyde gteen may be detected on fibres dyed with it by the 
orange colouration with hydrochloric acid, restored to green by wash- 
ing, and by the decolourisation produced by ammonia, soda, or soap. 
From methyl green it is distinguished by not turning violet when 
heated. 

Ethyl Green {Brilliani Greetiy Malachite Green G, New Victoria 
Green^ Emerald Green, Fast Green J, Diamond Green G, Smaragdgreen 
and Solid Green J, JJO) is homologous with Malachite Green, and 
consists either of the sulphate or zinc chloride compound of tetraethyl- 
diamino-triphenyl-carbinol. It 4 s prepared in a manner similar to 
that of malachite green, diethylaniline being substituted “for the di- 
methylaniline. The dyeing power of brilliant green is not so intense 
as that of malachite green, and its shade is yellower. 

Victoria Green 3 B (New Fast Green 3 B, and New Solid Green BB) 
is a chlorinated malachite green, being obtained from dichlorobenzal- 
dehyde aind dimethyl-aniline. It occurs as the hydrochloride (or zinc 
chloride compound) of tetramethyl-diamino-dichloro-triphenylcarbinol. 
It? general properties are, almost the same as those of malachite 
green, but it dyes a bluer shade than the latter. 

Helvetia Green (Acid Green) is the type of the sulphonated aniline 
greens, the properties of which have already been described. It 
differs from benzaldehyde green by giving no precipitate with sodium 
hydroxide in dilute solutions, though strong solutions pro 4 uce a white 
precipitate. On the fibre, acid, green closely simulates benzaldehyde 
green, but it is turned greenish-yellow by hydrochloric add, the liquid 
itself becoming yellow; whereas fibres dyed with benzaldehyde green 
become bright orange, and give up very little colour to hydrochloric 
add. In each case the original green colour is restored by washing 
with water. From methyl green, Helvetia Green is distinguished by 
’ the fibres not becoming violet when heated. 

Light Green SF (bluish) and Light Green SF (yellow) are disul- 
phonic add derivatives of the benzaldehyde group. They are prc* 
pared by heating benzaldehyde with benzylmethyl- (or ethyl) aniline 
and sulphonating the products so obtained by means of fuming sul- 
phuric add; subsequent oxidation gives the dyes^ffs. The yello'v 
shade dyestuff is also met with under the names Acid Green SOF, 
Acid Green D, AcidjGreen JJ, 2ind Light Green S, while the blue shade 
is sometimes called Acid Green and Acid Green M. 

According to a recent patent (J. R. Geigy, German pat. 204,034) 
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dyestuffs quite fast to alkali are produced when 2 : 6-dichlorobenzalde- 
hyde or its 3-nitro-derivative are condensed with ethyl- (or methyl) 
benzylaniliAe sulphonic acid and the leuco-compound oxidised. The 
chlorine atoms only produce a slight blueness of shade. 

Erioglaucine is a dyestuff of pure blue shade produced by the con- 
densation of benzaIdehyde-<7-sulphonic acid with ethybbenzylaniline, 
the benzyl groups are then splphonated and the resulting leuco-cora- 
pound oxidised. 

Patent Blue.— IHfferent marks of dyestuffs of this class are met 
with in commerce ( 4 , N, V, superfine, etc.). The original discovery 
that w-hydroxybenzaldehyde when condensed with alkyl derivatives 
of aniline and the resulting leuco-compound sulphonated and oxidised 
gave rise to valuable greenish-blue .dyestuffs, was made by Herrmann 
in 1888 in the factory of Meister, Lucius and Briining (German patent 
46,384). 

this class depend on the condensation of w-nitro- or w-amino-benzal- 
dehyde with dialkylated anilines, in the former case reduction of the 
nitro- to an amino-group, replacement of the latter by hydroxyl; 
sulphonation, and oxidation of the calcium or magnesium salt of the 
leuco-sulphonic acid. 

Patent Blue V has been studied by Erdmann from a scientific stand- 
point {Annalm, 1897, 294, 376); his results show that it is a calcium 
salt of the constitution 


Ca 


HO 


.SO, 





SO, 


The commercial dye forms a dark blue crystalline powder readily 
soluble in water with a greenish-blue colour; it is somewhat soluble in 
water but practically insoluble in solvents such as ether and benzene. 
Concentrated sulphuric add dissolves it with difficulty, giving an oHve- 
>enow solutipn; with dilute sulphuric add an olive-green solution is 
obtained. The aqueous solution becomes bluer on addition of sodium 
ydroxide or ammonia, while stannous chloride produces pardai pre- 
<^ipitation and gives a yellow-green colouration. Solutions are readily 
reduced by zinc dust in presence of ammonia or acetic add, the fil- 
trates being colourless. 
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Patent Blue A is obtained by using ethylbenzylaniline in place of 
diethylaniline, and Cyanol or Add Blue 6 G by using ethyl-o-toluidine 
as base. Oxidation of members of the Patent Blue Group with ferric 
chloride gives rise to dyestuffs known Cyanines. 

Azo -green is a mordant dyestuff obtained by diazotising »j-amino- 
tetramethyldiaminotriphenylmethane and coupling with salicylic acid, 
the leuco-compound then being oxidised. . In solution the dye is turned 
to a dirty yellow by concentrated sulphuric and hydrochloric acids; 
when dyed on the fibre with a chromium mordant, these reagents pro- 
duce a light brown. 

Diaminotriphenylmethane derivatives obtained by the condensa- 
tion of tetramethyldiaminobenzhydrol will be referred to under the 
triaminotriphenylmethane dyestuffs. 

TRIAMINOTRIPHENYmETHANE DYESTUFFS. 


Magenta was one of the earliest dyestuffs to be discovered and Is 
produced by the oxidation of aniline for red. Benzene containing 
toluene when nitrated yields a mixture of nitrobenzene and o- and p- 
nitrotoluenes; the corresponding amino-bases are produced by their 
reduction and when such a mixture is oxidised a red dye is produced. 
As will be noted below, a base containing an amino-group in the ^im- 
position to a methyl group is essential for the production of dyestuffs 
of the triaminotriphenylmethane group by this process. We now pass 
to the general methods of preparation. 

I. Oxidation of a mixture containing i molecular proportion of 
^-toluidine with 2 molecular proportions of amines with the para- 
position free: 


.C«H,.NH2 

.H 

.H 

.H 




(2).CH3 


+30= 


2H,0+C 


■C.H 


nh. 

.CH, 


■OH 


This is the chief change taking place in the magenta melt; if P' 
toluidine be heated with 2 molecular proportions of o-toluidine, th* 
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corresponding ditolylphenyl dye is produced, while /f-toluidine and 
aniline yield pararosaniline, 

2. Replacement of hydroxyl by the amino-group in aurin by heat- 
inff under pressure with ammonia. 

3. The nens) fuchsin process of Meister, Lucius and Briining. 
Formaldehyde and aniline unite to form anhydroformaldehydeaniline, 
which when heated with aniline and aniline hydrochloride yields 
diaminodiphenylmethane. 

CeH,.N : 

The latter substance heated with aniline hydrochloride in presence of 
an oxidising agent gives pararosaniline. 

f.CA.NHj 

CH2(C,H,.NH,)2 + CeH5.NH„HCl+20-2H20-l- C 

[;CbH,;NH2C1 

This method is capable of furnishing a considerable variety of 
dyestuffs since other bases than aniline may be used; thus using 
c-toluidine, New Fuchsine is produced. 

4. The hydrogen atoms of the amino-groups of pararosaniline and 
its homologues may be replaced by alkyl groups. This was formerly 
effected by the action of alkyl halides. (See Method 6.) 

S- Aromatic radicals may be also used in replacing the hydrogen 
atoms of the amino-groups, the dyestuff being heated with an amino- 
hase (and a little benzoic acid). The action is comparable to the 
formation of diphenyl amine by heating aniline with its hydrochloride. 

[.C«H,.NH2 [.CBH^.NH.CeHs 

C -h 3 C,H,.NH3 =3NH3 -f C 

1 :CeH,:NH,a I :C,H,:NH(CA)C1 

A similar dyestuff is produced by heating oxalic acid with diphenyl- 
amine. 

+ 3 C,H,.NH.C,H 5 = CO + 2 H ,0 +HO.C (C(,H,.NH.C,H 5 ) 

On account of their very sparing solubility in water, these com- 
pounds are usually sulphonated and employed as acid dyestuffs. 

A methylated pararosaniline {Methyl Violet) is obtained by the 
oxidation of dimethylaniline. The reaction is explained by supposing 
^hat one methyl group is oxidised to formaldehyde which then con- 
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denses with i molecule of monomethylaniline and 2 molecules of 
dimethylaniline to form a pentamethylpararosaniline. 

CH 2 O +CeH5.NH.CH3 -f 2QH5.N(CH3)2 + 2 O - 

■ .C,H,.NH.CH3 
2H3O+HO.C .CeH,.N(CH3), 

7. Alkylated dyestuffs are produced by the action of carbonyl 
chloride on tertiary aromatic bases. (Phosgene process of Kern and 
Caro, 1883.) With dimethylaniline, Michler’s ketone (tetramethyl- 
diaminobenzophenone) is first piroduced which by the further action 
of carbonyl chloride or of phosphorous oxychloride is converted into the 
keto-chloride 

cci,ic,n,.N(cn,),], 

With a third molecule of dimethylaniline condensation takes place, 
Crystal Violet being produced. 

[.C,H,.N(CH3)3 

CCl3[CeH,,N(CH3) J3 +C,H,.N(CH3)3 ^^HCI + C ,C,H,,N(CH3)3 

[ :C.H,:N(CH3),CI 

8. By reduction of Michler’s ketone or oxidation of tetramethyb 
diaminodiphenylmethane the ‘corresponding secondary alcohol 
(Michler’s hydrol) may be obtained which condenses with a large 
number of amines, phenols, and carboxylic acids to form leuco-com- 
pounds of tri- and dl-aminotriphenylmethane dyestuffs. 

Thus the leuco*compounds of 

f.C.H,N(CH,), [ :(i)C.H.(4):N(CH,)XI 

C .C,H.,N(CH,), C I .(i)CX(4).N(CH3)a 

1 :(i)C„H.( 4):NH(C,H.)C1 „ f (3).C00H 

Victoria Blue R. Chrome Blue. 

are produced by its condensation with ethyl-a-naphthylamine and 
a-hydroxynaphthoic add respectively. 

Hageata is a salt of rosaniline, with which a certain amount of the 
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corresponding pararosaniline salt is usually mixed. The oxidation 
of the “aniline oil for red'’ (aniline, o- and p-toluidines) may be effected 
by means of arsenic acid, mercuric nitrate or nitrobenzene, in the last 
case ferrous chloride being used as an oxygen carrier. Arsenic acid is 
still occasionally employed but generally the nitrobenzene process is 
used OIL account of the risk of contamination with arsenic. Details of 
the preparation of magenta by this process on the small scale are given 
by J. C. Cain and J. F. Thorpe in their very useful work The Synthetic 
Dyestufjs and Intermediate Products^ p. 244, where references relating 
to the manufacture of the dye will also be found. 

Formerly the nitrate and acetate were to be met with commercially 
but now little except the chloride is, produced; other names by which 
magenta is or has been known are FnchsinCy Aniline-red, Azaleine, 
Rubine, Roseine, Solferino, Erytkrobenzene, etc. 

Magenta usually occurs in beetle-green crystals or as a dark-green 
crystalline powder. It dissolves in water giving a magnificent crimson 
colour without fluorescence. The dilute aqueous and alcoholic 
solutions of magenta exhibit characteristic absorption-spectra, having 
a well-defined band between the Fraunhofer lines D and E. 

Solutions of magenta dye silk and wool without a mordant. The 
colouring matter is partially removed by boiling water, while soap 
removes it completely. 

Alkali hydroxides, ammonia, barium, calcium and magnesium 
hydroxides decompose solutions of magenta, free rosaniline being 
precipitated in a crystalline and nearly colourless state. If magnesium 
oxide be used, and the operation conducted in a boiling hot 
liquid, so that some of the liberated rosaniline may remain in solution, 
and the liquid be then filtered out of contact with air, a colourless 
filtrate is obtained. On passing carbon dioxide, or the air exhaled 
from the lungs, through this colourless solution of rosaniline, a crimson 
colouration is produced, owing to the formation of rosaniline carbonate. 
The reaction constitutes a delicate test for carbon dioxide. ‘ 

If a solution of magenta be treated with excess of soda or ammonia 
and then agitated with ether, the liberated rosaniline dissolves. The 
separated ethereal solution is colourless, but dyes silk a fine crimson, 
and on shaking with dilute acetic add yields a crimson solution. 

Excess of strong hydrochloric add turns magenta solutions yellow 

ni! ^ of magenta in glacial acetic acid is a delicate test for nitrous acid and 

change the colour tot to violet, then through blue, green and yellow to 
Nitric acid does not show this behaviour. 
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} or brown, owing to thfi^ormation of a triadd salt, which is decomposed 
on copious dilution, or on adding a solution of sodium acetate, with 
restoration of the original crimson colour. 

Reducing agents, such as zinc and acetic or hydrochloric acid, 
stannous chloride, sulphurous acid,* etc., decolourise solutions of 
magenta forming colourless salts of leucaniline, This 

base differs from the products resulting from the reduction of saf ranine, 
magdala-red, and certain other colouring matters, in not being 
reconverted into rosaniline by atmospheric oxygen. On the other 
hand, oxidation of leucaniline to rosaniline can be effected by manga- 
nese dioxide, chloranil, and similar agents. 

Strong oxidising agents, such ^ as permanganates, hypochlorites, 
and chlorine, decolourise solutions of magenta. Oxidising agents 
of moderate power produce new colouring matters, a yellowish-red 
product known as aniline-scarlet being formed by the action of hydrogen 
peroxide or lead nitrate. Chromic acid acts on magenta, giving a 
brown colouring matter. 

Aldehyde and an alcoholic solution of shellac convert magenta into 
blue colouring matters. i 

Solid magenta dissolves in strong sulphuric acid with yellowish- 
brown colour, becoming violet-red on dilution with water. 

Detection of Magenta. — When perfectly pure, magenta is not 
poisonous, but as occurring in commerce it frequently contains arsenic, 
and hence is unsuitable for colouring confectionery, syrups, wines, etc. 
Its use for such purposes is absolutely forbidden in some countries. 

The detection of magenta is based on the foregoing tests, but in 
order to apply these satisfactorily it is usually necessary to isolate the 
colouring matter more or less perfectly. 

Examination of Commercial Magenta.— Pure magenta consists 
simply of the hydrochloride or other salt of rosaniline, mixed with more 
or less of the corresponding compound of pararosaniline. The com- 
mercial product generally contains, in addition, more or less water, 
mineral impurities, resinous substances, and, if prepared by the arsenic 
acid process, a notable quantity of arsenic. Besides these impurities, 
actual adulterants are sometimes present, the most usual being sugar, 
starch, dextrin, sodium sulphate, and occasionally bronze powder. 

* Puch^n^tulpburous add, prepared by passing sulphurous add sat Into a 

tkmof magenta until the cnmion colour naadunMd to a pale yellow, is a very ociicaK 

test for aldehydes and some of their derivatives, at these give an mtense violet-red coio 
with it. 
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Magenta of good quality being generally well crystallized, powdered 
or imperfectly crystalline specimens are always open to suspicion. 

The blue shades of magenta are generally the purest. The yellow 
shades, if made by the arsenic acid prbcess, usually contain Phosphine ; 
magenta made by the nitrobenzene process contains no Phosphine 
(see page 363). 

A solution of pure magenta is entirely decolourised by sulphtirous 
acid, while impure samples are turned yellow or brown; or the hot 
aqueous solution of the sample may be treated with hydrochloric acid, 
and zinc-dust then gradually added in small quantities at a time, till 
the red colour is destroyed. With pure magenta the reduced liquid 
will be colourless, but if chrysaniline be present ]X will have a yellow 
tint. 

Arsenic is sometimes present in commercial magenta in considerable 
proportion, as much as 6.5% having been met with. It may be detected 
by Marsh ’s test. For its estimation, the acidified solution may be 
treated with bromine water, excess of ammonia added, the liquid 
filtered if necessary, and magnesia mixture then added. A precipitate 
of the ammonio-magnesium arseniate, deposited in streaks in the track 
of the glass rod used for stirring, will be gradually formed if arsenic be 
present. The arseniate may be distinguished from the similar phos- 
phate by washing the precipitate or streaks with water, an'd adding 
silver nitrate, when the arseniate will be turned brown, or the phosphate 
yellow. 

The detection of other impurities and adulterants of magenta will 
be described in the section on the Examination of Commercial Col- 
ouring Matters,” 

Acid Magenta, called also Magenta S and Rnbine S, * is obtained by 
heating ordinary magenta with fuming sulphuric acid or chlorosul- 
phonic acid, SO3HCI. The product is poured into water, neutralized 
with milk of lime, the solution filtered from the calcium sulphate, and 
the filtrate decomposed by sodium carbonate. The calcium carbonate 
is filtered off and the filtrate evaporated to dryness. Acid Magenta 
occurs in grains or powder of a green colour and metallic lustre. It 
dissolves readily in water, forming a bluish-red solution, which is nearly 
decolourised by alkalies without a precipitate being formed, and noth- 
is yielded to ether. Dilute acids, even carbonic acid, restore the 

form* of acid magenta are to be met with under the names of Maroon S. Grgnat 

‘^ctd Ctnst, Cofdinat RtdS, Acid Maroon, etc. 
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colour, which is not materially altered by a considerable excess. In 
strong sulphuric acid, the solid dye dissolves with yellow colour, becom- 
ing gradually red on dilution. 

According to C. Blarez, all r^d coal-tar dyes except acid magenta, 
and also all red vegetable colouring matters, are completely decolour- 
ised when their aqueous solutions are slightly acidihed with tartaric 
acid and digested with lead peroxide. 

In its behaviour with reducing agents and acetone, acid magenta 
reacts like the basic dye. 

•Acid magenta is employed for colouring red wines. Being insoluble 
in ether, it may be distinguished from ordinary magenta. 

Acid magenta has only about half the dyeing power of ordinary 
magenta, but can be dyed from strongly acid baths, and hence is con- 
veniently employed in conjunction with acid yellow, indigo-carmine, etc. 

On the fibre, acid magenta is unaffected in colour by a mixture of 
equal volumes of hydrochloric acid and water, whereas ordinary 
magenta is turned yellow or brown. The reagent dissolves some of 
the acid magenta, and acquires a cherry-red colour. 

Aniline Blues. 

As stated already the phenylated derivatives of rosaniline and 
pararosaniline dye bluer shades than the unsubstituted bases, and 
this in proportion to the number of hydrogen atoms replaced by 
phenyl, C^Hj. Thus the colouring matter known as Regina Violet is 
chiefly a ^t of diphenyl -rosaniline, while the various commercial 
aniline blues are mostly triphenylated derivatives; and Benedikt states 
that hexaphenyl-rosaniline yields a purer blue than any other colouring 
matter known. 

Besides a few aniline colours of a somewhat different constitution, 
there occur in commerce two parall^ series of blue dyes, which are 
triphenylated derivatives of pararosaniline and rosaniline respectively- 

The parallel Compounds from para-rosaniline and rosaniline present 
a dose analytical and general resemblance. In addition, the phenyl- 
ated products from commercial rosaniline invariably contain more or 
less of their lower homologues (from para-rosaniline), and hence there 
is no sharp distinction between the 2 series of dyes. 

Diphenylamise Blue or para-rosaniline blue^ is the hydrochloride 

* Alto known at Bavarian Bin* spirit soluble. 
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of triphenyl-pararosaniline, and contains CigHi4(C8H3)3N3,HCl. It 
is prepared by heating diphenyl amine, (CbH 5)2: NH, at i2o°-i3o'^ 
with oxalic acid. The excess of oxalic acid is removed by washing 
with water and unaltered diphenylamine by boiling with benzene, the 
residue being then converted into the hydrochloride. The commercial 
dye forms a brownish powder, having an odour resembling that of 
diphenylamine. It is insoluble in water and only sparingly soluble in 
cold alcohol, but dissolves more readily on heating. The solution is 
turned greenish by hydrochloric acid. A 2% solution of the colour- 
ing matter in methylated spirit is employed to produce light and very 
pure shades of blue on silk. Diphenylamine blue dissolves in strong 
sulphuric acid with brownish-yellow colour, a blue precipitate being 
produced on dilution. 

The colouring matter known as Aztdine or Azurine is an impure 
hydrochloride of triphenyl-pararosaniline. 

Colouring matters known as Methyl Blue and Ethyl Blue are obtain- 
able by the action of methyl or ethyl chloride on diphenylamine blue 
or by heating methyl- or ethyl-diphenyl amine with oxalic acid. The 
products dye silk a still purer blue than that produced by diphenyl- 
amine blue. One of the purest blues is obtained by treating methyl- 
diphenylamine at 100^ with chloranil (tetrachlorquinohe), C3CI4O2, 
and then further heating to 130®. The product is reduced to powder, 
washed 'with hydrochloric acid, dissolved in alcohol, and precipitated 
by water. 

Rosantliae Blue, also called Spirit Blue, Aniline Blue^ Opal Blue, 
Gentian Blue 6 B, Fine Blue, Hessian Blue, is a salt of triphenylrosani- 
line, cohtaining more or less of the corresponding salt of triphenyl- 
pararosaniline. To prepare it, rosaniline (prepared by precipitating 
a solution of the purest bluish magenta with ammonia or lime) is 
heated to about 180° with 10 times its weight of aniline and some ben- 
zoic acid. The excess of aniline, together with the ammonia formed 
in the action, distils over. The product is neutralised with dilute 
hydrochloric acid, when aniline hydrochloride dissolves and the salt 
of the new base remains insoluble. This is washed first with dilute 
hydrochloric add and then with water, and dried and powdered. 

Sulphonated Aniline Blues. 

I^iphenylamine Blue and Spirit Blue being insoluble in water, their 
practical application is attended with some inconvenience, to obviate 
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which they are frequently sulphonated, with production of soluble 
colouring matters known as Soluble Blue, Wafer Blue, Water Blue 6 B, 
China Blue, London Blue, Cotton Blue, Opal Blue, Marine Blue.^ 

The greater the number of SO3H groups that are introduced into 
triphenylrosaniline or its homologues, the more readily soluble the 
products become, but their fastness to light and air, soap, and alkalies 
decreases in the same proportion. Hence the higher sulphonic acids, 
such as triphenyl-rosaniline tetrasul phonic acid, are never prepared. 

The sulphonated aniline blues are prepared by heating Diphenyl- 
amine Blue and Spirit Blue with concentrated sulphuric acid, the 
extent of the sulphonation depending on the proportion of acid used 
and the temperature employed. A soluble diphenyl amine blue may 
be prepared directly by heating diphenylamine-sulphonic acid with 
oxalic acid, instead of sulphonating the previously prepared triphenyl- 
pararosaniline. 

Triphenylrosaniline-monosulphonic acid has the formula 
C2 oHj 5(SO3H)(C0H5)3N3, and is formed by dissolving Spirit Blue in 
strong sulphuric acid and heating the solution at 3o°-35® for 5 or 
6 hours. On pouring the resultant bro^vnish-yellow solution into 
water, the sulphonic acid is obtained as a bulky blue precipitate, 
which after being dried at 100° forms small grains having a metallic 
lustre. Its alkali-metal salts are soluble in water, but those formed 
with the heavy metals and alkaline-earth metals are insoluble or nearly 
so. By digesting the washed sulphonic acid in a quantity of sodium 
hydroxide solution somewhat less than that required to combine with 
it, and filtering, a solution of the sodium salt is obtained, from which 
the solid compound may be prepared by saturating the liquid with 
common salt, or evaporating it to dryness with addition of a little 
ammonium carbonate. 

Sodium triphenylrosaniline-monosulphonate forms the commercial 
dyestuff known as Nicholson's Blue, Alkali Blue, Soluble Blue or Fast 
Blue. It occurs in lumps or powder of a greyish, brownish or dull 
blue colour. It dissolves readily in hot water, with light brown or 
bluish colour, which becomes deep blue on adding acetic add, and on 
boiling the acidified liquid the free sulphonic acid separates as a blue 
precipitate. Hydrochloric acid produces the same reaction in the cold, 
and on filtering a colourless liquid is obtained, unless a di- or trisul- 

* Also known as Cotton Blue 3 B, BUu, de Lyon, Water Blue B, BS, Blue BVSI, Blackley 
Blue. Pure Blue, Water Blue 00. 
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phonate be present. Sodium hydroxide turns the solution of Soluble 
Blue reddish-violet, the colour changing on boiling to reddish-brown. 
Excess of amnionia decolourises the solution. Calcium chloride and 
stannous chloride produce blue precipitates. Soluble Blue dissolves 
in strong sulphuric acid with a hne brownish- red colour, becoming 
blue on dilution with water. 

If wool be immersed in a hot solution of Alkali Blue, preferably 
containing borax, sodium silicate, sodium carbonate, or ammonia, the 
nearly colourless salt is taken up by the fibre and cannot be removed 
by washing with water; but on subsequently immersing the fibre in 
dilute sulphuric acid the blue colour is developed. 

Cold alcohol readily removes the colour from wool or silk dyed with 
Alkali Blue. Sodium hydroxide turns the fibre a yellowish -brown, 
while ammonia immediately destroys the colour. Hydrochloric acid 
nearly decolourises the fibre, and an acid solution of stannous chloride 
destroys it gradually. 

Commercial Alkali Blue is liable to contain various impurities and 
adulterations. It should dissolve without residue in about 5 parts of 
hot water. Sugar, starch, and dextrin are sometimes added, and a 
considerable proportion of sodium carbonate, sulphate, or chloride is 
often present. Arsenic is not an unusual contamination. .Alcohol 
dissolves the dye and leaves sodium sulphate and carbonate insoluble. 
The dye may be precipitated by saturating the aqueous solution with 
purified common salt, while sodium carbonate and sulphate remain in 
solution. The sulphate of sodium contained in the residue left on 
ignition represents that formed from the sulphonate, as well as that 
pre-existing as sulphate. Pure sodium triphcnylrosaniline-mono- 
sulphonate will yield 22.6% of Na2SO^ on fusion with sodium carbonate 
and nitre. On ignition alone a low result is obtained, the sodium 
present being insufficient to fix all the sulphur, besides which more or 
less sulphide and sulphite will probably be formed. 

Sodium triphenylpararosaniline-monosuJ phonate is known in commerce 
as Alkali Blue D.^ In its reactions it closely resembles its homologue 
from rosaniline, but is nearly insoluble in cold water, and in hot water 
forms a blue solution which has an odour of diphenylamine. 

Triphenylrosaniline-disulphonic acid, having the formula 
C2 oH,^(S03H)3(C8H5)sN 3, is obtaffied, together with the trisulphonic 
3 -rid, when- triphenyl rosaniline hydrochloride (Spirit Blue) is digested 

^ Also Icnown as Mtthyl Blue and Alkali Blw 6 B. 
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with 4 or s parts of strong sulphuric acid at 6o° for $ or 6 hours, and the 
temperature finally increased to ioo°-iio°. If the product be diluted 
with 3 or 4 times the quantity of water, both sulphonib acids are pre- 
cipitated, but if a comparatively large quantity of water be used the 
precipitate consists mainly of the disulphonic acid, while the trisulphonic 
acid dissolves and may be obtained as a blue precipitate by treating 
the filtrate with common salt or hydrochloric acid in excess. Triphenyl- 
rosaniline- disulphonic acid is slightly soluble in water, but insoluble 
in acid liquids, and hence is 'thrown down as a blue precipitate on 
acidifying the solution of one of its salts. Excess of alkali turns the 
solution of its salts yellow. The sodium salt occurs in commerce 
under the name of Silk Blue, and Bavarian Blue BSF, Methyl Blue for 
Silk MLB, Marine Blue B, consists principally of the corresponding 
derivative of pararosaniline; while Blackley Blue is the sodium salt of 
diphenyl-tolylrosaniline-sulphonic acid. 

Triphenylrosaniline-trisulphonic acid, of the composition 
C2oHi3(S03Na)3(C6H5)3N3, is obtained as indicated above. It is 
soluble in water and alcohol. The sodium, ammonium and calcium 
salts, mixed with more or less of the corresponding disulphonates, 
form the commercial colouring matters known as Water Blue, Colton 
Blue, etc. (page 252). The ammonium salt forms dark lumps or 
grains having a coppery lustre; the sodium salt usually occurs as dark 
blue irregular lumps. China Blue is a very porous variety of Water 
Blue, obtained by adding ammonium carbonate to a very concentrated 
and slightly acid solution of the colouring matter. 

Water Blue is more soluble than Alkali Blue, and crystallises from its 
concentrated hot solution in flakes having a metallic lustre. Its solu- 
tion is not completely precipitated by hydrochloric acid, under any 
circumstances; and not at all unless a large excess of the reagent be 
used or disulphonate be present. Sodium hydroxide decolourises the 
solution or. turns it reddish-brown. Water Blue dissolves in strong 
sulphuric acid with dark yellowdsh-red colour, and on dilution a blue 
solution is formed, sometimes accompanied by partial precipitation. 

U'ater Blue differs from Alkali Blue in not being taken up by wool 
from an alkaline solution, and hence the fibre so treated is not rendered 
blue by subsequent immersion in dilute acid. 

Strong sulphuric acid dissolves Water Blue from fibres dyed with it, 
with a blue colouration, and a hydrochloric acid solution of stannous 
chloride behaves similarly. Sodium hydroxide turns the fibre reddish- 
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brown, and ammonia decolourises it immediately. Alcohol has no 
effect on the dyed fibre, even when boiling. 

Water Blue is chiefly used for dyeing cotton, being fixed by means 
of tannin, or by alizarin oil, in conjunction with aluminium, antimony, 
or tin compounds. It is dyed on silk and wool in an acid bath, and 
in this case is always used in conjunction with other colouring matters. 

The colouring matters known as Bavarian Blue DBF, Methyl Blue 
My BI for Cottony etc., chiefly consist of the sodium salt of tripkenyl- 
Pararosaniline-iristilpkonic acidy and clo'sely resemble the homologue, 
ordinary Water Blue. 

Dyestuffs from tetramethyldiaminobenzophenone (Alichler’s 
ketone) and the corresponding hydrol. 

In the general account of the general methods by which triphenyl- 
methane dyestuffs can be obtained, mention has been made of the 
condensations which can be effected with the aid of Michler’s ketone 
and the corresponding hydrol. With the aid of these substances the 
following dyestuffs among others have been prepared. 

Victoria Blue B or BS is the hydrochloride of tetramethyl-phenyl- 
triamino-a-naphthyl-diphenylcarbinol, and is prepared by the action 
of phenyl-a-naphthylamine on tetramethyl-diamino-benzophenone 
chloride. It is sparingly soluble in cold, but readily so in hot water, 
yielding a blue solution which gradually deposits a reddish resinous 
precipitate of free base on boiling. This decomposition is prevented 
by the additioi! of acetic acid. In the presence of mineral acids the 
dyestuff is less soluble than in pure water. When dyed on wool 
Victoria Blue is very liable to rub; this fault may be avoided by boiling 
the wool with aluminium sulphate before dyeing. 

Victoria Blue 4 R is obtained by the condensation of Michler’s 
ketone with methyl-phenyl-a-naphthylamine and greatly resembles 
the preceding dyestuff in its general properties but dyes a redder shade. 

Victoria Blue R is similarly obtained with ethyl- a-naphthyl amine. 

Night Blue is prepared from tet ram ethyl diamino benzophenone and 
/’-tolyl-a-naphthylamine. It is soluble in water with a fine blue colour 
which becomes turbid and is precipitated by boiling. Its solubility is 
increased by the addition of acetic acid. From the fact that Night 
Blue is completely precipitated from its solution by many other 
dyestuffs such as picric acid, Naphthol- Yellow, etc., it is used as a 
reagent for the quantitative estimation of such dyestuffs. 

Chrome Blue, obtained by the condensation of tetramethyldi amino- 
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benzhydrol with hydroxy naphthoic acid, has been already referred to; 
the ortho-position of the carboxyl to the hydroxyl group makes it a 
mordant dyestuff, the lakes produced with chromium salts being green 
in colour. 

Chrome Violet (Bayer) is a similar dyestuff in which salicylic acid 
is used as a component; it must not be confused with the Chrome 
Violet produced by J. R. G^igy of Basel. 

Chrome Green is prepared with the aid of benzoic acid; it may be 
regarded as a carboxylic derivative of Malachite Green. 

Alkylated Rosanilines. — The dyestuffs which occur as different 
marks of methyl molet (aniline violets) are prepared by the oxidation 
of dimethylaniline, by condensation of the chloride of Michler’s 
ketone with dimethylaniline or from Michlcr’s hydrol with subsequent 
oxidation. 

The aniline violets are usually greenish powders or crystals with 
metallic reflection, soluble in W'ater to hne violet solutions which dye 
silk and wool violet without a mordant- They can be fixed on cotton 
by tannin and tartar-emetic. The aniline violets are decolorised by 
boiling with potassium cyanide, a turbid solution being produced. 
With sulphuric add they dissolve with yellow or brownish-yellow 
colour, and present a very dose analytical resemblance, as will be 
seen in the annexed tables of their physical characters and chemical 
reactions. 

Methyl Violet B, Methyl-aniline Violet, Paris 'Violet, Dahlia, 
Direct Violet, Methyl Violet 2 B, or Methyl Violet I '3 (page 280), 
is the hydrochloride or double zinc salt of pentamethyl-pararosaniline. 
It is produced by the direct oxidation of dimethylaniline (free from 
dimethyl-toluidine) by cupric chloride: 

3C A-N(CH,), + 3O =3H,0 +C„H.,(CH,),N,. 

A colouring matter known as Chloranil-VioleU prohtiHy identical 
with Methyl-violet, is obtained by the action of dimethylaniline on 
chloranil (tetrachloroquinonc). 

Melhyl-anUine Violet occurs in commerce as a hydrochloride and 
also a compound of this salt with zinc chloride. The hydrochloride 
forms small crystals, the zinc double salt a powder or irregular lumps- 
Both varieties of the colouring matter exhibit a green metallic reflection 
and are easily soluble in water, alcohol, amyl alcohol, and chloroform. 

Dilute solutions of Methyl- Violet are turned pure blue by a vciy 
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small addition of hydrochloric acid. With more add they appear 
green in thin layers, but red and somewhat turbid in thicker strata. 
Excess of acid turns the solution red or yellowish-brown from the 
formation of an acid salt. Ammonia produces a lilac and sodium 
hydroxide a violet-brown precipitate, the solution becoming colourless 
on boiling. 

With chromic acid Methyl-Violet gives a dirty violet and with 
stannous chloride a blue-violet precipitate, becoming lighter on boiling. 
Hypochlorites decolourise solutions of Methyl Violet. 

Methyl-Violet is completely precipitated by soluble ferrocyanides 
and ferricyanides, and hence may be conveniently fixed on cotton 
mordanted with potassium ferrocyanide, or in the fibres on which zinc 
ferrocyanide has been previously deposited by double decomposition. 
In this manner methyl-violet may be used for printing calico. It is 
also fixed by albumin or tannin, and is used for topping goods dyed 
with iron mordants and alizarin, in order to brighten the fast violet 
thus produced. 

Boiling with water gradually decolourises fibres dyed with Methyl 
Violet. Hydrochloric acid removes part of the colour and the fibre 
becomes greenish -yellow, but the original colour is restored on washing 
with water. Ammonia decolourises the fibre. Sodium hydroxide 
turns it Reddish- Violet and gradually decolourises it. Treated with a 
hydrochloric acid solution of stannous chloride, the fibre becomes a 
yellow or greenish-yellow colour. 

Methyl-Violet is liable to much the same adulterations as other 
aniline dyes. It may be estimated volumetrically by precipitation 
with picric add, the formula of the picrate being C3^H27N3.CgH2- 

Crystal Violet, Violet C ^Crystal Violet 5 BO, or Crystal Violet 0 
IS the hydrochloride of hexamethyl-pararosaniline. It is obtained by 
action of tetra-methyl-diamino-benzophenone chloride or carbon oxy- 
chloride on dimethyl-aniline. 

Crystal Violet forms long hexagonal prisms or pyramids. The 
crystals have a beetle-green reflection if anhydrous, but a variety con- 
taining 8HjO also occurs, the reflection from which is bronze. When 
heated at 100°, the crystals become brown and suffer slight decompo- 
sition. Crystal Violet is soluble both in water and alcohol, but crystal- 
lises more readily from the former than the latter menstruum. The 
solutions are deep violet-blue, and dye wool and silk a very blue shade 
VOL.V.— 17 
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of violet. On cotton, Crystal Violet is fixed by tannin and tartar- 
emetic. 

On heating Crystal Violet in a closed tube to 120® with an aqueous 
solution of ammonium sulphide, a leuco-base is formed of the formula 
CjsHjjNg, which melts at 173° after being purified by crystallisation 
from alcohol. 

Crystal Violet forms a very insoluble picrate, a fact which may be 
utilised for its estimation and assay. 

Benzyl Violet is prepared by the action of benzyl chloride on 
Methyl Violet in presence of an alkali and occurs commercially as the 
hydrochloride or zinc double salt. It dyes a bluer shade than Methyl 
Violet (it is sometimes put on the market as Methyl-Violet 6B or 7 .6); 
the fibre dyed with it is turned light blue by sodium hydroxide, whereas 
it turns red-violet if dyed with Methyl-Violet. In both cases the mate- 
rial is eventually decolourised. 

Acid Violets. — There are several of these dyestuffs, which in general 
resemble Add Magenta, but give a bluer shade in dyeing. For the 
most part they are sodium salts of the sul phonic acids of methyl- and 
ethyl- rosaniline and pararosaline. The shades are usually quite fast 
to light and resist milling fairly well, but are destroyed by alkalies. 
Among these violets are to be found Red Violet 4 RS,^ and 5 RS, which 
are the sodium trisulphonates of dimethylrosaniline and ethyirosaniline 
respectively; Acid Violet 6 or Acid Violet 4 BN is the sodium sul- 
phonate of benzyl-pentamethyl-pararosaniline. 

Formyl Violet S 4 B* is also a rosaniline violet which is obtained 
by the condensation of diethyldibenzyldiamino-diphenyl-methane- 
disulphonic acid with diethylaniline. It gives a bluer shade than Acid 
Magenta and resembles the acid violets very closely. 

Add violets of a red shade which have been made by the alkylation 
of Add Magenta, usually contain some excess of the latter. In order 
to effect a separation of the magenta from the Acid Violet the colouring 
matter is dissolved in hot water-and predpitated with basic lead ace- 
tate. The predpitate is decomposed by ammonium carbonate, and 
filtered; the colouring matter in fhe filtrate being estimated by evapora- 
tion and weighing the residue. The washings are acidified with sul- 

’ Also called Acid Violet 4 RS. 

* There is alao an Viol^ 6 B made hy the Berlin Aniline Works which is the 

sulphonate of dimethyl'diben^hdiethyTtriaminotr^heiwl carbinol. Acid violet 4 . . 

also known a« Acici Violet 7 B and Add Violet N. Wool Blue S is a mixture of acici 
violet 4 BN with a li^t green. 

* Also known as Acid violet 4 B extra, Add Violet 6 B (of Geigy). 
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phuric add, then made alkaline V/|th lime, and filtered. The filtrate 
is evaporated to djyness and with alcohol, which extracts the 

caldum salts of the violet C'^jloiaring matters, leaving that of the acid 
magenta undissolved. T 'shade of the predpitate and the 2 por- 
tions of the washings cr^ ascertained by dye trials. 

Aniline Greens.- -Xlie effect of amino- and alkylated amino- 
groups in alterinf^ shade of a compound is generally very pro- 
nounced and re ap<E;ated attention has been called to this phenomenon 
not merely in it;he triphenylmethane series, but among other groups 
of dyestuffs well. But if a dialkylamino-group be converted into a 
trialkylamip.onium salt group by the addition of a molecule of alkyl- 
halide or other ester, the auxochromic effect is generally inhibited. 

An ey.cellent example of this behaviour is shown by Malachite Green 
and Crystal Violet and the substances obtained by the alkylation of the 
latter dyestuff. Crystal Violet differs from malachite green by the 
P.ossession of an extra ^dimethylamino- group in the third benzene 
nucleus. If, however, this third dimethyl amino-group be converted by 
th« action of methyl chloride into a trimethyl- ammonium chloride 
group, Methyl Green is obtained. The relationship is rendered clear 
by consideration of the formula:; 


C .C^,.N(CH ,)3 c 
1:C,H,:N(CH3),C1 

Malachite Green. 


.C,H,.N(CH 3 ), 

.C,H,.N(CH 3)3 

;C,H,:N(CH3)3C1 

Crystal Violet. 


[.C3H,.N(CH3)3C1 
C .CeH,.N(CH3)3 
[ :C3H^:N(CH3)-3C1 
Methyl Green. 


Tbe dyestuffs of this class are now used less frequently than formerly, 
Ihey suffer from the disadvantage that on warming, alkyl halide is 
removed and Methyl-Violet results. 

Iodine Green. {Nigkt Green or Pomona Green) was formerly prepared 
% alkylation with methyl iodide; such a dyestuff will give off violet 
iodine vapours on heating with concentrated sulphuric acid. 

Methyl Green {Methylaniline Green^ Paris Green, Light Green^ Double 
Green, or Green Powder) is prepared by the action of a slow stream of 
methyl chloride on an alcoholic solution of Methyl Violet heated to 40 ®, 
the solution being kept neutral by successive additions of sodium 
iiydroxide; autoclaves are not necessary for this purpose. The alcohol 
is subsequently distilled off, water added, any Methyl-Violet still present 
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removed by sodium carbonate and salt and the Methyl Green precipi- 
tated by zinc chloride as the double salt. 

The corresponding Ethyl Green obtained by the action of ethyl 
bromide on Methyl Violet was also prepared in the action of a zinc 
double salt, possibly of the formula CjsHjoNgCljCjH^Br, ZnCl,. 
Ethyl Green dyes a yellower shade than Methyl Green but both dyes 
have been practically displaced by the green dyestuffs of the malachite 
green series which are not only of greater dyeing power but also 
cheaper to manufacture. 

Rosolic Acid and Aurin Group.— The compounds of this series 
are analogues of rosaniline and pararosaniline, the amino- and 
imonium salt groups of the latter compounds being replaced by 
hydroxyl and oxygen respectively. 


LCeH..NH2 
C .C,H,.NH2 
1 :C,H*:NHjCl 

Pararosaniline. 


.C,H,.OH 
C .CflH,.OH 
1 :CeH,:0 
Aurin. 


The name ^^Rosolic acid'^ (Rosolsaure) was given by Runge to a 
product which he obtained by the oxidation of crude phenol, while 
Kolbe and Schmidt gave the name of to a dyestuff which 

they obtained by heating phenol and oxalic acid v’ith concentrated 
sulphuric acid 

C, 0 ,H, +3 C.H,OH = CO +3 H ,0 +C„H „03 

The 2 compounds are evidently closely related; considerable con- 
fusion was experienced until E. and O. Fischer pointed out that the 
substances were homologous, aurin being obtained from pararosani- 
line by the diazo-reaction in the same way that Caro and Wanklyn 
had in 1865 obtained rosolic acid from rosaniline. 

Both substances are phenolic in character, they ’may be reduced to 
leuco-compounds (trihydroxytriphenylmethane and its next higher 
homologue)^ and, moreover, show weak basic properties giving salts 
with acids which are readily hydrolysed. To the latter compounds 
either an oxonium or carbonium structure may be assigned. 
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c 


.CeH,.OH 


or 


.CeH^.OH 

.C,b,.OH 


OH 

Cl 


When heated with ammonia, partial or total replacement of hy- 
droxyl and ketonic oxygen by amino- -and imino-groups may result* 
in the former case Coralline or Peonine is produced, in the latter 
rosaniline or pararosaniline according to whether rosolic acid or 
aurin has been employed for the reaction. 

Pure aurin may be obtained from the commercial product by passing 
ammonia gas through a saturated alcoholic solution of the latter, when 
steel-blue crystals of ammonium aurate, Cij,Hi20.(ONHj2, are 
deposited, the impurities remaining in solution. The washed precipi- 
tate may be decomposed by dilute hydrochloric or acetic acid, or simply 
exposed to the air, when ammonia volatilizes and pure aurin remains. 

When pure, aurin forms crystalline needles having an adamantine 
lustre and the colour of chromic add, or else of a darker shade with a 
blue or greenish-blue reflection. Aurin is fusible, but not volatile 
without decomposition. 

Commercial Aurin or rosolic add contains a molecule or two of 
water, and is a dark amorphous substance with a beetle-green lustre. 
The powder is red. 

Aurin and rosaurin (rosolic acid) are but slightly soluble in w’ater, 
though their solutions have a red dish -yellow colour They dissolve 
very readily in hot alcohol, somewhat sparingly in cold, and are also 
moderately soluble in glacial acetic acid, phenol, creosote, and in ether, 
but are insoluble in benzene and carbon disulphade. 

Aurin and rosaurin dissolve readily in solutions of ammonia and 
fixed alkalies to form solutions which are bluish-red when dilute and 
yellowish-red when concentrated. A characteristic change in the 
absorption-spectrum occurs on dilution. 

Aurin and rosaurin have the property of combining both with acids 
and bases. The former compoimds are the more definite; but ether 
extracts aurin and rosaurin from its acidified solutions and not from 
its alkaline solutions. 

Solutions of aurin are decolourised when heated ^th sodium 
amalgam, or sodium hydroxide and zinc-dust, colourless hydraurin, 
being formed. The alkaline solution is also decolourised 
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by heating with e:^cess of potassium cyanide, and on cooling and 
acidifying white crystalline flocks of hydrocyanaurin, CjoHjgNOg, 
are thrown down. 

Yellow Coralline.— This colouring matter is prepared by treating 
8 parts of pure phenol in the cold with 3.2 parts of strong sulphuric 
acid, and after some hours adding 4.8 parts of oxalic acid, and heating 
the whole to 110° for 24 hours. In addition to aurin and methyl- 
aurin, more or less oxidised aurin, and pseudo-rosolic acid or coralline- 
phthalem, C2oHig04, are also produced, and a sublimate of phenyl 
oxalate has been observed to be formed. The melt is poured into 
water and purified by treatment with boiling water. The product is 
Yellow Coralline, and forms a brown resinous substance having a green 
metalKc lustre. It contains about 20% of aurin, besides crystalline 
derivatives of rosoUc acid, and resinous bodies. Its reactions are 
identical with those of aurin. The soluble sodium salt of Red Coralline 
is also called “yellow coralline.” 

Red Coralline or Peonine is prepared by heating 2 parts of 
Yellow Coralline with i of strong ammonia to i2o°-i4o°, when one 
of the hydroxyl groups is replaced with formation of the substance, 
Ci9Hj 302(NH2), which is precipitated on pouring the liquid into 
water and acidifying. The product is “Spirit Soluble” Red Coralline, 
“water soluble” coralline being the ammonium salt. The first forms 
lumps with a metallic lustre; the latter a brownish-red porous mass, 
soluble in concentrated sulphuric acid with yellow colour. The red 
aqueous solution of the ammonium salt is unaltered by alkalies and 
precipitated yellow by acids. Basic lead acetate and aluminium 
acetate produce orange or yellow precipitates. 

Eupittonic acid has the constitution of a hexa-methyl-aurin, but as 
a dyestuff it is now obsolete. 

Chrome 'Violet (Geigy). — Aurin-tricarboxylic acid and its homo- 
logues may be obtained by the condensation of formaldehyde wth 
salicylic add in sulphuric acid solution and simultaneous oxidation. 
The process was discovered by Sandmeyer (German patent 49 » 97 °)> 
generally nitrous acid is used as the oxidising agent and since methyl 
alcohol is oxidised to formaldehyde by nitrous acid the colouring matter 
may be produced by heating together a mixture of methyl alcohol, 
sulphuric aad, salicylic acid and sodium nitrite. The action evidently 
takes place in two stages, a diphenylmethane derivative being tirst 
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formed which undergoes subsequent condensation with salicylic acid 
under the influence of the oxidising agent. 


CHjO + 2 CeH,(OH)(COOH) +CHJ (i)C^K 


CHJ CeH 3 


OH \ 


(OH 


I COOH 


( 4 ) OH \ 
( 3 )C 00 H;, 


2 HjO+C 


.C,H3(0H)(C00H) 

.C,H3(0H)(C00H) 

■r H f 

‘ ’ .COOH 


The colouring matter gives reddish-violet shades on chromium mor- 
dants; these are very fast to soap. 

Mixed dyestuffs are easily obtained if the 2 stages of the action 
are carried out separately; the formaldehyde is first condensed with 
one phenol or hydroxycarboxylic acid and the resulting diphenyl- 
methane derivative condensed with another phenolic compound. 

Phenolphthalein, — Phthalic acid condenses readily with phenols, 
amines and aminophenols forming compounds which may be classed 
among the derivatives of triphenylmethane. Should phenol itself 
be employed, a product, phenolphthalein, is obtained which certainly 
in its alkaline salts must be looked upon as a mono-hydtoxyfuchsone- 
orthocarboxylic acid.* But on acidifying the purple solution of an 
alkaline salt a colourless compound containing 2 hydroxyl and no 
carboxyl groups is precipitated; this free phenolphthalein is regarded 
as a dihydroxydiphenylphthalide. The relationship of phenolphtha- 
lem to its quinonoid alkaline salts is apparent from the formulae: 




.(i) C:(C,H,. 0 H )3 


>0 

.( 3 )CO^ 


CeH. 


:C,H,:0 

.COONa. 


Quinonoid constitution of phenolphthalein in alkaline solution is no longer based 
coudensatiott with hydroxylamine observed by Friedlander (Ber., 1893. 36, 172, 
tn ‘be supposed oxim probably possessing a different constitution to that first assigned 
In a' ^ ™ more satisfactory basis is the isolation by A. G. Green and P. E. King (Ber.t 
1900, 3^ a36<; 1907 40, 3734; Proc. Chem. Sac., 1907, 23, asS;/. Soc. Ch*m. Ind., 1908, 
7 f 3; 1909, aS, 63) cn red quinonoid carboxylic esters 


c.H.(coja.).c{;C'«;50 


^hich are isomeric respectively with the lactonoid ethers 
CO . O. c { and C8H «.CQ.O.C 


C6H4(C02Me).c[=^^?*<^^ 


. .CeHt.OMe 


' .CeHt.OMe 
L .C«H4.0Me 


(See Vol. 3.) 
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In the case of phenol the condensation occurs chiefly in the para- 
posilion to the hydroxyl group, a small quantity undergoes ortho- 
condensation and elimination of water taking place, ''phenolphthalein- 
anhydride^* or fluoran is produced: 


CO 

C.H,/ ^0 + 2C.H,0H 

CO 


With dihydric phenols and amino-phenols condensation occurs 
normally with formation of hydroxy- and amino-fluorans (e. 
fluorescein, rhodamine, etc.); since all these dyestuffs contain the 
pyrone ring it will be preferable to treat them with other dyestuffs con- 
taining the same nucleus and not consider them with other derivatives 
or triphenylmethane. 

Phenolphthalein is dealt with in Vol. 3 (page 548). 

Phenolphthalein while useless as a dyestuff is a valuable indicator. 
On account of its small dissociation constant (K = 8Xio-^^ Salm, 
Zeit. Elektro'chemy 1906, 12, 99) the colour of its alkaline solutions is 
discharged when the concentration of hydrogen ions is small; it is 
therefore a valuable indicator for weak acids, giving the point of neu- 
tralisation very sharply. As it reacts in alcoholic and ethereo-alcoholic 
solution it allows of the titration not merely of the soluble but also of 
many of the insoluble organic acids, including palmitic, stearic, oleic, 
linolek, ricinoleic, the acids of colophony (pinic, pimaric, sylvic), etc. 
The alkaloids have generally no marked alkaline reaction on phenol- 
phthalein, and hence the amount of acid in salts of morphine, quinine, 
cinchonine, quinidine, brucine, aniline, and urea, operating, if necessary, 
in alcoholic solution, can be ascertained by titration with standard 
alkali, just as if no organic base were present. 

The value of phenolphthalein as an indicator of neutrality is com- 
pletely vitiated by the presence of ammonium salts. 

PhenolphthaJeTn is readily soluble in alcohol. A 1% solution keeps 
perfectly, and a few drops are sufl 5 cient for each titration. 

In using phenolphthalein as an indicator it must be kept in mind 
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that the only suitable standard alkaline solutions are sodium and 
potassium hydroxides; further that on heating with an excess of either 
of these reagents it is liable to decolourisation. An explanation of 
this phenomenon will be found in a paper by Green and Perkin (Trans, 
Chem.Soc.y 1904 , 85, 398 ). 

General Analytic* Properties of the Triphenylmethane Dyes, 

The detection of dyestuffs on the fibre is treated in a separate section, 
but in identifying a given colouring matter by special tests the use of 
the following reagents should be kept in mind, concentrated and dilute 
sulphuric and hydrochloric acids, the dilute acids in both cases being 
of 10% strength, nitric acid (sp.gr. 1.40), ammonia(sp.gr.o.9i), sodium 
hydroxide (10% solution) and frequently a hydrochloric acid solution 
of stannous chloride. 

The effect of concentrated sulphuric acid is to combine with the 
auxochromic amino-groups and inhibit their action so that Malachite 
Green, Magenta and Crystal Violet despite their differences in shade 
all give yellow or orange solutions in concentrated sulphuric acid. 
Concentrated hydrochloric acid produces much the same effect. 

10% sulphuric acid will partially combine with auxochromic amino- 
groups and the same remark holds for' hydrochloric acid of moderate 
dilution. The different marks of Methyl Violet and Crystal Violet give 
generally green or greenish-blue colourations with 10% sulphuric acid; 
Malachite Green goes to a darker shade under the same conditions 
while magenta if dissolved in concentrated sulphuric acid and then 
diluted gives a colourless solution. Generally, however, dilution of a 
strong sulphuric acid solution of a basic dyestuff eventually restores the 
original colour when sufficient water has keen added to hydrolyse the 
di- and tri-add salts which may have been formed. 

The action of nitric acid probably gives nitro-derivatives either of 
the original dyestuff or of its degradation products, the fact that many 
dyestuffs which give other shades with sulphuric and hydrochloric acid 
give yellow (brown, etc.) solutions with nitric acid points to a breaking 
up of the molecule. 

Ammonia and sodium hydroxide often produce pale to nearly colour- 
less predpitates in the case of basic dyestuffs of the triphenylmethane 
senes, the solution being decolourised; this behaviour is of course 
explained by the production of colourless carbinol bases. The pre- 
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cipitates of the latter if collected and dissolved in dilute acids do not 
always immediately give solutions of the same shade as the original 
dyestuffs. This is well seen in the case of Malachite Green. Addition 
of alkali produces at first a yellow colour base which passes over 
gradually into tetramethyldiaminotriphenylcarbinol. The latter forms 
a colourless or greyish powder; it may be obtained by crystallisation 
from petroleum spirit as colourless leaflets or 'crystal aggregates of 
m. p. 120°. This colourless base dissolves to a nearly colourless 
solution in dilute acetic acid, the formation of colouring matter taking 
place by standing some tim^ in the cold or more rapidly on heating. 
This behaviour is easily explained, a colourless acetate of the carbinol 
base is first formed which slowly loses water giving the acetate of 
malachite green. 


.CA.N(CH,), 

.OH 


.C«H,.N(CH 3 )„H.C 3 H 30 , 

, 0 H 


C 


.C,H,:N(CH3),.C2HA 


Stannous chloride in acid solution generally effects a more or less 
complete reduction to the corresponding leuco-compound, frequently 
the solutions are completely^ decolourised, in other cases a difference 
of shade is observed- The greater or less ease with which the colouring 
matter is regenerated from the leuco-compound is frequently useful in 
giving an idea as to the class of compounds to which a given dyestufi 
belongs. (The process of subsequent reoxidation is of course inap- 
plicable for azo-compounds since fission at the azo-linkages takes 
place, but with dyestuffs the molecules of which are not ruptured on 
reduction, is frequently of great use.) 

A. G. Green has utilised this difference in rate of oxidation of the 
leuco-compounds in his scheme for the qualitative analysis of artificial 
dyestuffs (/. Chem, Soc. Ind., 1893, 12, 3), and points out that there 
are 2 classes into which the colouring matters may be divided. 

• In the CMC of the triphcnyhnethane dyes the action srith stannous chloride is 
the different marks of methyl violet acquire a bluish or greeni^ shade while 
and New Fuchsine are only slowly decolorised. Many dystuffs on the other hand wi 
rings of such type as thiazine, acridine, etc., are rapidly decolourised. 
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1. Colours whose leuco-compounds are not readily reoxidised on 
exposure to the air; in this class are included all colouring matters of 
the triphenylmethane series, the phthaleins or pyrone colours, indophe- 
nols and indamines. 

2. Colours whose leuco-compounds are rapidly reoxidised on 
exposure to air; these colours belong to one of the following classes, 
azines, oxazdnes, thiazines, quinoline and acridine colours, hydroxyan- 
thraquinone colours, thiazole colours and indigo. 

In explanation of this difference in behaviour Green has suggested 
that the colours of Class i are of para-quinonoid^ those of Class 2 of 
ortho-quinonoid type {Proc,Ckem,Soc., 1892, 8, 195; 1896, 12, 226). 

The reviser of this and the succeeding sections (to sulphur dyes 
included) desires to acknowledge the help obtained by reference to 
the works of Cain and Thorpe, Friedlander, Herrmann, Nietzki, 
Schultz and Julius (translation by Green), and further to tender his 
thanks to Messrs. Cassella & Co. of Frankfort, the Chemische Fabrik 
Griesheim-Elektron, Messrs. Kalle & Co., of Biebrich and the Society 
of Chemical Industry in Basle for the information they have so kindly 
placed at his disposal. 
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Com- 
■ mercial 
name 

Formula 

Remarks 

Acid Ma- 
genta, 
Fuchsi n e 
S. Rubine 
S. 

frlCsHa / (3)SOiNa 

C.(.)C.H. 3 jSO,>0 

Siilphonation of 
fuchsine. 

Acid Violet 
6B. 

Guinea 
Violet 4 B. 

■ (OCiH.UlN/CjHi 1 

/ \CH 1 .C 1 H 4 .SOjNa 1 

C-(i)C4H4U)-N(CHi): 0 

\ /CjHs I 

(i)C«H4(4)NlCH,.CaH4.^j 

1 

Acid Violet 
7B. 

/(■>C-H.(4)N{gHVs0.f,^ 

\i)C4H4(4)N{gH»,SO^i 



Acid Violet 
SBK i 

(KaUe). 





Acid V'iolet 
4BN, 6BJ 

7 BN. I 


/(i)C5H4(4)N(CHj)j 

C(OH)-(i)C«H4(4)N(CHi)j 

\(i)C«Hi( 4)N {cH’:.C«H4.SOjNa 


Acid Violet; 
6BN. 


(i)CeH«(4)N(CH,), 

/ f(i)OCtH4 

C-(i)C.Hj (4):NH{C«H4CH,)-) 

\ I (O-SOs O 

(r)C«H4(4)MCH,), 


Acirl Violet! 
7 BN. 


(.)C.H.(4),n{CHVsO, 


Acid Violet; 
7 BS, 

5 BNS, 

6 BNS. 


C-(i)C.H.{4):N(CH,)i.(!) 
\(.)C.H.(4).N {g»„-,so,Na 


From dimethyl- 
amino-benzoic 
acid and z moi^ 
cules methyl- 
diphenyl arn^e- 
^ulphonic acid- 

From altylalc^ 
^-naphthyl- 

amine. 


Acid Violet 
6BW. 


C(OH) 


/j«JCiH4(4}N(CHi)t 




rK.H4(4)N(CHij 

I (a)OC*H, 

(rlCiH, U NH.C<H4 .CHi 

(s)SO,Na 


I. 
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Character of 
dyestun 

Reaction of aqueous 
solution 

Reaction of dye with 
Sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 
cone, 
acid ' 

On dilution 
with water 

Green crystals 
red solution. 

Decolourised. 

No change. 

Yellow. 

Red. 

Acid dyestuff. 
Slightly soluble 
in alcohol. 
But slightly af- 
fected with stan- 
nous chloride 
in hydrochloric 
acid. 

Violet pow- 
der, violet 
solution. 

Light blue. 

i 

1 

Bluish-green. 

Brown. 

Bluish -green. 

Acid dyestuff. 

Violet pow- 
der, violet 
solution. 

: Violet precip- 
itate. 

Green. 

Orange, 

Violet, 

Acid dyestuff. 

Violet pow- 
der. 

Lighter. 


Orange. 


Dyes wool violet: 
on the fibre gives 
following reac- 
tions; Hydro- 
chloric acid; 
green sodium hy- 
droxide, slightly 
decolo u r i s e d ; 
cone, sulphuric 
acid, orange 
solution. 

Violet pow- 
der, violet 
solution. 

Blue pot. 
Colourless 
solution on 
warming. 

Blue ppt. 

Yellow. 

Blue. 

Colours wood a 
bluish-violet. 

Violet pow- 
der, violet- 
blue solu- 
tion. 

Slowly de- 
colourised. 

Red-b r 0 w n 
with excess 
acid. 

Orange 

solution. 

V io le t -r ed 
then b I u e- 
violet. 1 

Dyes silk and 
wool from an 
acid bath. 

Blue- violet 
powder, blue 
solution. 

Decolourised 
on wanning. 

Green. 

Orange. 

Blue, 

Dyes wool and 
Silk bluish-violet 
from an add 
bath. 

Violet solution 
in water or 
alcohol. 

Blue if cold, 
lighter when 
heated. 

Violet ppt. 

With more 
acid, green, 
then yellow- 
ish-brown. 

Yellowish- 

brown. 

Green then 
blue. 


Violet powder 
■violet solu- 
tion. 

Decolourised. 

Redder. 

Orange. 

Violet. 

Acid dye. 
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DYESTUFrS OF GROUPS 6 TO 12. 


i 

Com- 

mercial 

name 

1 

Formula 

Remarks 

Alkali Blue, 
Nichol- 
son's Blue, 
Fast Blue 

C(OH)— (i)C«H«(4)NH.C«H6 

\(i)C 6 H*( 4 ).NH.C«H<.SO>Na 

! 

Sulphonation of 
triphenyl-ros- 
aniline. 

Alkali Blue 
D and 6B 
Methyl 
Alkali 
Blue, etc. 

/fi)C«H4(4)NH.C<H* 

C(0H)-(i)C»H4U)NH.CeHs 

\(x)CBH4(4)NH.C«H4.SOaNa 

Sulphonation of 
^^henylamine 

Alkali Blue 
XG, Solu- 
ble Blue 
XG. 





Allckli 

Green, 

Viridine. 

C-(i)C6ll4(4)NH.C»H5 
%(i)C*H4(4)“NH.C«H4.S02 I 

i ■ 


AlkaU Vio- 
let 6B. , 

/(r)C«H4r4)NfC2Hi), 
C=(OC»H4 U):N(CjH5)2 1 

Condensation of 
tetrae th y l-di- 
amino - benzo- 
phenone with 
methyl -diphen- 
ylamine and 
sulphonation. 

Alpine 

Blue. 





AuriaPara- 

rosolic 

acid. 

/(r)C4H4(4)OH i 

C-fi)C4H4 4)0H i 

\a)CeH4(4):0 I 

From phenol and 
oxalic acid con- 
densed with con- 
centrated sul- 
phuric acid. 

Aurotine. 

rWNOj 
(i)CiHi ] MoNa 
/ ihNO, 

/ (3 NO, 

C-(0C6H, (4)0Na 
(s)NO, 

C*H4.C0.0 

By nitration of 

pheno I pbt ha- 

lei n. 

Azo -Green. 

I /fi)CeH4U)NfCH,), 

C-^)C*H4(4)-N(CH,), 0 

"^(i)C,H4C3).N;N(i)C,H4 


Azuline. 
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Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

Character of 
dyestuff 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution . 
with water 

Dark blue 

powder, blue 
solution. 

Brown. 

Blue ppt. 

Red. 

Blue ppt. 

Acid dye. 

Nitric acidfsp. gr. 
1.4a) ; green with 
dark edge. 

Dark blue 

powder, blue 
solution. 

Brown, 

Blue ppt. 

Brown, 

Blue ppt. 

Acid dye. 

Black lumps, 
greenish-blue 
solution. 

Black ppt. 

Blue ppt. 

Brown. 

Blue ppt. 

Acid dye. 

Green powder, 
green solution. 

Brown, 

Green ppt. 

Red. 

Green ppt. 

Obsolete. 

Violet pow- 
der, bluish- 
•violet solu- 
tion. 

Blue ppt. 
Colourless on 
warming. 

First a blue 
ppt. then 
orange solu- 
tion with 
more acid. 

Yellowish - 
brown solu- 
tion. 

First olive- 
green then 
blue. 

Dyes wool blue- 
violet from alka- 
line. neutral or 
acid bath. 







Brown lumps 
insoluble m 
water. 

Disrclves in 
sodium 
hydroxide 
with cherry- 
red colour. 

Insoluble. 

Yellow 

solution. 

Reprecipi- 

tated. 

Soluble in alco- 
hol 

Yellow pow- 

No change. 

Precipitate. 



Acid or mordaqt 
dye for wood. ■ 

der, yello^ 
solution. 



Green paste, i 
green solu- 
tion. 

Clear solu- 
tion. 

Red. 

Brown. 

Red ppt. 

Mordant dyestuff, 
used on chromed 
wool. 

A Tiatne ^ p. 



Yellow. 

Blue ppt. 

Dark blue pow- 
der, soluble in 
alcohol, insolu- 
ble in water. 
(Obsolete.) 

plied to im- 
pure diphen- 
ylarnine biue.| 
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DYESTUFFS OF CROUPS 6 TO 12 . 


! 

Com- 

mercial 

name 

Formula 

Remarks 

Bavarian 
Blue DSF. 

Methyl blue 
water solu- 
ble. 

Navy 

BlueB. 

Methyl 

Blue for 
silk 

MLB. 

/(i)CflH«(4)NH.C8H4.SOiNa 
C=(i)CiH4(4):NH(C<H&) 

^(i)CeH4(4).NH.C.H*.SOj.i) 

Sulphonation of 
diphenylam i n e 
blue. 

Benzyl 

violet, 

Paris violet 
6B. 

Methyl vio- 
let 6B, 
tB. 

Violet sB. 

Violet 6B. 

/ (i)CsH4f4)N(CHal5 
C=(i)C«H4(4)“N^H3);CI 

(i)CgH4(4)N {cH2.CiiHs 



Biebrich 
Acid Blue 
(Kalle). 

1 





Bradford 

Blue. 

1 ■. . .. 



Chrome 

Blue. 

/ ft)CgH4(4)N(CHi)2 

C-^)C.H4(4):N(CH»)j , 

\ (4>C,.H.{g;§§ 0 



Chrome 

Green. 

C-(i)C«H4(4):N(CH))2— , 

\0)CiH4(3).CO 0 



Chrome 

Violet 

(Bayer). 


By condensation 
of Michler’s hy- 
drol with sali- 
cylic acid and 
subsequent oxi- 
dation. 

Chrome 

Violet 

(Gei«y). 


By condensation 

of formaldehyde 

with salicylic 
acid in presence 
of an oxidising 
agent. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with ^ 
sulphuric acid 

Other c^rac- 
teristics 

With 

sodium j 
, hydroxide 

With hy- 
I drochloric 
acid 

With 1 

cohe, 

acid 

On dilution. | 
with water j 

Indigo blue 
powder, 
blue solution. 

Red. 

Darker. 

Brown, 

Blue. 

Blue dye for 
silk. 

Metallic 
powder, 
violet solU' 
tion. 

Brown ppt. 
and colour. 

Brown. 

Yellow. 

Violet. 

Basic dye. Solu- 
ble in alcohol. 

Dark blue 
powder. 



Yellow. 


Dyes wool 3 
greenish-blue. 
Gives following 
reactions on fibre: 
Hydrochloric 
acid, greentsh- 
yellow; sodium 
nydroxide, slight- 
ly decolourised; 
concentrated sul- 
phuric acid, yel- 
low solution. 




Bronzy pow- 
der, violet 
solution. 

Brown ppt. 

Blue ppt. 

Brown ppt. 

Blue ppt. 

Soluble in alcohol. 
(Obsolete.) 

Black paste, 
blue solution. 

Ko change. 

Brown. 

Red. 

1 

Brown. 

y 

Soluble in alcohoL 
Mordant dye for 
' wool. 

pow- 
der, Green 
solution. 



\ Clranae, 

\ ^0 change. 

\ So\v^b^e in alcohol. 

Black paste, 
insoluble. 

Violet solu- 
tion and 
black pre- 
cipitate. 

Brown. 

Brown. 

Redder. 

Soluble in alcohoL 
Mordant dye. 

Brown pow- 
der, red 
solution. 

Brown. 

Precipitate, 

Brown. 

Precipitate. 

For calico printing. 
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Com- 

mercial 

Formula 

Remarks* 

name 



Coralline 

/{i)CsH4(4)OH 

! By action of am> 

Aurin R, 

C=(i)C6H4(4) : 0 

: monia on aurin. 

Red Coral- 
line 

Peonine. 

\(r)C6H4(4)NHi 


Crystal 
Violet. 
Crystal 
Violet 5 B- 

0 , 0 . 

Violet C. 
Violet 7 B 
extra. 

/(r)C*H 4 f 
C = (r)C.H4{ 
\U)C«H4( 

4 )N(CHj )2 

4):N(CH,)iC1 

4)N(CH»)2 


Cyanine B. 


1 By oxidation of 
patent blue V. 

Cyanol Ex- 
tra. Acid 
Blue 6 G. 

C=(i)CiHi: 

\ 

(i)CeH, 

( 3 )CH 2 

1(4 NHCiHs 
/(3 CH, 

1(4 :NH(C 2 Hi)— 1 

’(^).S0* 0 

(4 SOiNa 

1 (sSoH 


Diphenyl- 

amine 

Blue spirit 
soluble 

/(i)CiH4f 

C-(i)C6H4( 

\(|)C<H4 

4 )NH.C«Hs 

4 :NH|CiHs)Cl 

4)NH.C.Hs 

Action of aniline 
on p>rosaniline. 


Bavarian 
Bine spirit 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric add 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy; 
drochloric 
add 

With t 

cone. ! 

acid 1 

On dilution 
with water 

Brown pow- 
der, red 
solution in 
hot water. 

No change. 

Y ellow. 

Yellow. 

! 

Soluble in alcohol. 

Green metallic 
powder, 
violet solu- 
tion. 

Ppt. 

First blue, 
then green, 
hnally 
yellow. 

Yellow. 

Violet. 

Basic dye. Sol- 
uble in alcohoL 

Dark blue 
powder, blue 
solution. 

Violet on . 
warming. 

Yellowish. 

Yellow, 

' • 

Green then 
' blue 

Acid dye for wood. 
Nitric add (sp. gr. 
1.40) yellow with 
greeni^ edge. 

Dark blue 
powder, blue 
solution. 

Red on 
boiling.' 

Yellow. 

Yellow. 

Blue after 
first turning 
yellowish- 
green. 

i 

Acid dye for wood, 

j 

Brown pow- 
der. Insolu- 
ble in water. 
In hot alco- 
hol, blue so- 
lution. 

1 


Yellow. 

Blue ppt. 

1 

Soluble in alcohol. 
Basic dye. 

Coppery red- 
brown pow- 
der, blue so- 
lution. 

Alteration 

slight. 

Yellowish- 
green with 
concentrated 
add. Only 
slightly af- 
fected by 10 
% add. 

Light 

brown. 

First light 
green then 
light blue. 

Gives a reddish- 
yellow with nitric 
acid (sp. gr. 1.40). 
Not easily at- 
tacked by stan- 
nous chloride in 
hydrochloric add. 
Used on wool 

Dark blue 
powder, 
oronzy lus- 
tre, greenish- 
blue so- 
lution. 

Greener. 
•Violet on 
boiling. 

Yellow. 

Pale yellow 
solution. 

First green 
then green- 
ish-blue. 

Reddish -yellow 
with nitric acid 
(sp. gr. 1.40). 
Greener with 
stannous chloride 
in hydrochloric 
acid. 

Golden crys- 
tals, green 
solution. 

i 

Decolourised 
and green 
ppt. 

Orange. 

YeUow. 

Green after 
giving red- 
dish-yellow 
and yellow- 
ish-green. 

Basic dye. Solu- 
ble in alcohol. 
For silk, w^ool, 
jute, leatherand 
cotton (tannin 
mordant). 
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Com- 

mercial 

name 

' 

Formula 

Remarks 

Ethyl Vio- 
let. 

Ethyl Pur- 
ple 6B. 

C=^)C6H4<4):N(CiH0!C1 

\(i)C6H4W.N{CiH5)i 


Past Acid 
Violet 10 
B. 

/(GC«H4f4)NrCHi), 

C-(i)CiH4(45N(CHj), 

f{3)^iNa 


Fast Green 
Fast Green 
extra 
(bluish). 

C=(0C*H4(4):N(CHi)j I 

\x)c«h4(3)n (pH 5 ;c!Hl;ioS'Na 

. 


Fast Wool 
Green 
(KalJe). 





Formyl Vio- 
let S 4 B. 
Acid Violet' 
6 Band j 
4 B extra. 

/(l)CeH4(4)N ^ 

C=*(x)CeH4(4):N(CiHi): .. 

\i)CeH4(4)N 5Q^ (1) 


Glacier 

Blue, 

/^i)C»H» I^Nh’cHi 
( i)C4H,{gg 


Guinea 
Green BV. 

y(i)CeHi 

C-(i)C4H4(4)N gQ^j^T^ 

0)C4H4(4):N{gj»‘c.H,.S0, 

i 

Condensation of 
benzaldehyde 
with ethyl-ben- 
avlani 1 i n e-s u 1- 
phonic acid. 

Helvetia 

Green, 

c« H 4 . so* . 0 
c-(i)c«H*( 4 );lrrcH,), 

\fx)C.H4(6)H(CHi)5 

Sulphonation of 
malachite green. 

HbchstNew 

Blue. 

(i)C»H,(4)N 

(,^(a)C4H4C4):N (cJh\,SOi.O 
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Character of 
dyestuS , 

' Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

Acid 

I 

On dilution 
with water 

Green crystal- 
line powder, 
Violet solu- 
tion. 

Violet ppt. 

Orange, 

Yellow. 

Green. 

Basic dye. 

Gray powder, 
violet solu- 
tion. 

No change, 
pink on 
warming. 

Citron 

yellow 

solution. 

Orange. 

Yellow, [ 
with much 
water green. 

Acid dyestuff. 

Dark blue- 

green c r y s- 
talUne pow- 
der. 

Greenish - blue 
solution. 

Decolourised 
on warming. 

Yellow. * 

Yellowish- 
red solution. 

Almost 
colourless, 
with large 
dilution 
greenish- 
blue. 

Dyes wool in acid 
bath. 

Blue powder. 

Somewhat 

lighter. 

1 Yellower. 

1 

Orange. 

! 

1 ' 

; 1 

i 

Dyes wool a blu- 
! ish -green. On 
the fibre gives 

1 the following re- 
actions; Hydro- 
chloric acid, yel- 
lower; sodium 
hydroxide, a lit- 
tle weaker; con- 
centrated sul- 
phuric acid, 
orange solution. 

Violet powder. 
Violet solu- 
tion. 

Blue ppt. 1 
colourless 
on wanning. 

Violet ppt. 
Bright yellow 
with concen- 
trated acid. 

Orange, 

Blue. 

Acid dye. 
Bright green with 
stannous chlor- 
ide in hydro- 
chloric acid. 

Violet pow- 
der. 

Greenish -blue, 
solution, 1 
gelatinous on 
cooling, 1 

Orange. 

Yellow, 

Yellow. 

i 

Green ppt. 

Basic dye. Solu- 
ble in alcoboL 
For silk, wool.cot- 
ton (tannin 
mordant). 

Green powder, 
green s 0 1 u- 
tion. 

Blacldsh- 
green ppt. 

Green ppt. 

Brown. 

Green. 

Acid dye. Dyes 
silk and wool 
from an acid 
bath. 

Green powder, 
blui^- green 
solution. 

Decolourised 

Brown ppt. 

Yellow. 

Green. 

Obsolete. An 
acid dye. 

Dark blue 

powder, 
blue solution, 

Decolourised 

Precipitate. 

Red. 

Blue ppt. 

Acid dye. 
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Com- 
mercial 
name ” 

Formula 

Remarks 

Hofmann 
Violet. 
Iodine Vio- 
let. 

Dahlia. 

Primula. 

Violet 
5 R extra. 
Violet 5 R. 
Rand RR 

/(i)C#H4(4)NHC2Hs 

C=(r)CsH4(4hNH(C2Hs)Cl 

Ni)C.H4 1 


Iodine 

green 

NightGreen 

Pomona 

Green. 

Vert 

lumifere. 

1 /(i)C8H4(4)N(CHi)jC1 , 

1 C-(i)C«H4a):NfcH»):Cl 

NoC.Hi j 

By prolonged al- 
kymtion of ros- 
aniline. 

Isorubine. 
New Ma- 
genta. 

New Fuch- 

sine. 

C.)C.H.jWCH. 

C-(i)C,H. 


Ketone 

Blue 4 BN. 

/(OCiH.WOCtHs 

C-(i)C6H«(4)N(CH,)jCI 

Nj)CsH4(4)N{gf{^ 


Light ! 

Green SP | 
(Bluish). 
Acid Green. ■ 
Acid Green 
M. 

Acid Green 
(Bluish). 

y(i)C8H4(4)SOjNa 

^-(i)C» H4(4) N {ch].CiH4.S02.0 
(i)CiH4(4).N 

i 

From benzalde- 
hyde and me- 
thyl-benzyl- ani- 
H n e. Sulphon- 
ated and oxi- 
dised. 

Light Green’ 
& (Yel- 
lowish). 

Acid Green. 

Acid Green, 
extra cone. 

Acid Green 
D, etc. 

/{i)CeH4(4)SOiNa 

(*)C*H 4 ( 4 ).N {ci?tXeH 4 .SO»Na 


Magenta 
Roseine, 
Puchsine. 
Aniline 
Red, etc. 

/(i)C»H4f4)NHj 

C-(i)CiH4(4>:NHjC1+4HjO 

Mixed with para- 
rosaniline. 

Malachite 

Green. 

New Vic- 
toria Green 
New Green. 
Past Green. 
Benzal 
Green, 
Diamond 
.Green, etc. 

C- C«H 4 ( 4 ) :N(CHi)iCl+ aZnCW-h aHtO 
\ OCiH4(4)N(CHi)i 

Also as oxalate. 
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Character q£ 
dyestufi 

Reaction of aqueous 
Solution 

Reaction of dye with 1 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Green crystal- 
line powder, 
viotet solu- 
tion. 

Brown ppt. 

Yellow. 

Brown. 

Violet. 

Basic dye. 

Green, bluish - 
green solu- 
tion. 

Decolourised 

Orange. 

Orange, 

Green. 

Obsolete, Basic 
dye. 

Green powder, 
red solution. 

Red ppt. 

Yellow. 

YeUow. 

Red. 

Soluble in alcohol 
Basic dye. 

1 

Red -violet 
lumps, 

blue solution. 

Brown-red, 

Decolourised. 

Yellow, 

Green, I 

1 


Brown -black 
powder, 
green solu- 
tion. 

; Decolourised 
Violet ppt. 

Yellow. 

Yellow. 

Green. 

i 

Acid dye. Sen- 
sitive to dilute 
alkali. 

Green powder, 
green solu- 
tion. 

Decolourised 
Violet ppt. 

Yellow. 

Yellow. 

i 

1 

Green. 

Acid dye. 

Green crvstals, 
red solution. 

Decolourised 
reddish ppt. 

Yellow. 

Browmish- 

yellow. 

Colourless. 

Basic dye. Solu- 
ble in alcohol. 
Absorption spec- 
trum. band be- 
tween D and E. 

Green or yel- 
low crystals,' 
bluish-green 
solution. 

Decolourised 
and greenish 
ppt. 

Orange. 

Yellow. 

Green after 
riving first 
dark yellow, 
then yellow- 
green. 

Basic dye. Solu- 
ble in alcohol. 
Precipitated b y 
picric acid. Used 
on wool (which 
may first be mor- 
danted with sod- 
ium thiosulphate) 
silk, jute, leather. 
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DYESTUFPS OF GROUPS 6 TO 12. 


Com- 

mercial 

name 

Formula 

Remarks 

Methyl Blue 

Brilliant 

Cotton 

Blue. 

Bavarian 
Blue DB- 
P. 

Soluble 

Blue SB 
and loB. 

Helvetia 

Blue. 

/(i)C6H4(4)NHXiH4.SOsNa 

C=(i)CeH4(4) = NH.C6H4.^j 

(i)CeH4{4)NH ,Caii .SOjNa 



Methyldi- 
phenyla- 
mine Blue 

1 


Methyl 
Green. 
Paris Green 
Light 

Green, etc. 

/(i)C6H4(4)N(CHj)j 

C=(r)CiH4(4):N(CH8)Xl+ZnCli 

\(i)CeH*(4)N(CH»)jCl 

Action of methyl 
chloride on 

I methyl violet. 

Methyl 
Violet B., 
3B. Vs. 
Violet 3 B 
extra. 
Violet de 
Paris, etc. 

/(j)C«H4(4)N{CH|)2 

C=(j)C#H4(4)N{CHj)2C1 I 

\(i)CiH4(4>NH(CHi) 

! 

Oxidation of di- 
methylaniline. 

Methyl 
Violet 6B. 



New Victo- 
ria Blue A, 



Neutral 
Wool Blue 
R (KaUe). 





Night Blue. 

/(i)CiH4(4)N{C*Hi)* 

C-(i)CiH4i):N(C»H0iC1 

\(i)CipH»(4)NH.C.H4.CH, 



Night Blue 
B. 



Ni^t green 

(i) C* H 4 ( 2 )a and (OCiHi ( 

. cl(OC,H4(4):N{C}H‘cpH4.SO,.q 

Prom tf-chloro- 
bcnzaldehydcfor 
o-chlofo-w-nitro- 
benzaldchvde) 

and ethyl-ben z- 
ylaniline _ sul- 
phonic acid. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Dark blue 
powder, , 
blue solution. 

Brown. 

No change. 

Brown. 

Blue. 








Green crystals, 
bluish-green 
solution. 

Decolourised 

Orange. 

Orange. 

Green. 

Obsolete, Basic 
dye. 

Green metallic 
powder, 
violet solu- 
tion. 

Brown ppt. 
and colour. 

Brown. 

Vellow. 

Violet after 
going suc- 
cessively yel- 
lowish-green 
and green- 
blue. 

Basic dye. Solu- 
ble in alcohol. 


1 








i 



Dark blue 
powder. 





Gives a pure blue 
on wool, dyed in 
acid or neutral 
bath. OntheSbre 
hydrochloric ac- 
id, green; sodium 
hydroxiile, weak 
dull red -brown; 
cone. Sulphuric 
acid, red solution. 



! 


Bronzy pow- 
dCT, bluidi- 
wlct solu- 
tion, 

Brown ppt. 

Blue ppt. 
soluble in 
excess to 
brown 
solution. 

Brown. 

Blue. 

Soluble in alco- 
hol. 







^wder, 

Slue-green 

solution. 

Green ppt. 

Green ppt. 

Yellow. 

Green pt, 

Easily soluble in 
alcohol. The 

non-nitrated dye 
gives a redder 
solution in con- 
centrated sul- 
phuric acid. 
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Conv- 

merciaJ 

name 

Formula 

Remarks 

Pacific Blue 



Farafuchsin 
Para Ma- 
genta. 

/(i)C«H4(4)NH* 

C= i)CiH4f4 :NH2C14-4H20 
\0K.H4(4)NH, 


Patent Blue 
A. 

(i) Ct, Hi ( 4 ) N 

\ f( 2 )So'^ 

(i)C«H, (4)S03iCa 
[(5)0H 


Patent Blue 
V, N. e.^c-i 
tra, super- 
fine. 

New Patent 
Blue Band, 
4 B. 1 

Phenolph- 

thalein. 

/(l) C4H4(4)N(C2 Hslt 

C= (i)CiH4(4):N(C2H5)2 

\ f ( 6 )SO^ 

(OCiHt 4)SOjiCa 1 

. 1 (3)0H 


/(i)CiH4(4)OH 

C-(i)CiH«U)OH 1 

<5uco^ 


Red Violet 
4 RS. 

Acid Violet 
4 RS. 

(i)CeH. j 

i C«(i)CiH 2 j 

! \ 1 
! (i)C«Hi 1 

r( 4 )NH.CHj 

1 { 3 )SOiNa 
h(3)CH, 

,(s).S 02 
f (ilSOiNa 

L{4)NHj 1 


Red Violet 
sRS. 

(i)CiH» \ 
C^(i)C.H» j 

f ( 3 )SOiNa 

1 ( 4 )NH.CiHi 

4)nh,^o 

, 5 )SO, 

* jiSOiNa 
.UmH, 

i 

1 

Regina 

Purple. 

/(0C4H4U)NH.C«H4.CH» 

C-(i C«H4(4):NH*CI 

\^)CiH4(4)NHj. 

By-product i a 
manufacture of 
magenta. 

Rosolic 

Acid. 

^(OCiHi 1 

l!fo" 

.SUSS- 

Mixed with au- 
rine which 1 * 
resemhles. 

Setocya 
nine 1 

Brilliant I 
Glacier j 
Blue. 1 

/(i)C.H4(2)CI 

(■'C^Hl { jjj c,H, 

Prom o-chloro- 
bcnealdehyae 
and ethyl'O'toi- 
uidine. 
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Character of 
dyestun 

Reaction of aqueous 
solution 

Reaction of dya with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
■with water 







Green crys- 
tals, red solu- 
tion. 

Copper red 
powder, blue 
solution. 

Reddish ppt. 

Yellow, 

Yellow. 

Colourless. 

Basic dye. Solu- 
ble in alcohol. 

Violet on 
heating. 

Green with 
precipitation 
of colour 
add. 

YeUow, 

Green with 
precipitation 
of colour 
acid. 

Acid dye for wool. 

Copper red 
powder, blue 
solution. 

No change 
in cold, 
violet when 
boiled. 

Green, j 
yellow. 

Yellow. 

1 

Green. 

1 

Acid dye. 


Pink, 

decolourised 
on standing 
or heating 
with excess 
of soda. 

Precipitated 

colourless. 


1 



Violet pow- 
der, violet 
solution. 

Orange. 

No change*. 

Yellow. 

Violet. 

Acid dye. Very 
sensitive to so- 
dium hydroxide 
and ammonia. 

Violet metal- 
lic lumps, 
violet solu- 
tion. 

Yellow. 

No change. 

Yellow. 

1 

Violet. 

Acid dye. 
Colours wool 
bluish-red from 
an acid bath. 

Green powder, 
violet solu- 
tion. 

Brown ppt. 

Brown, 
blue on 
dilution, 

Brown. 

First brown 
then blue. 


mM 

■ 





Gray-green 
powder. 
Soluble in hot 
F^ter (Rreen- 
^ blue). 

Brown ppt. 

Yellow. 

Reddish- ^ 
yellow. 

Green, 

Sparingly soluble 
m cold water, 
the hot solution 
cools to a jelly. 
Easily soluble 
in alcohoL For 
silk and cotton 
(tannin mor- 
dant). 
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Com- 

mercial 

name 

Formula 

Remarks 

Setoglau- 
cine. New 
Fast Green 
3 B. 

/(i)CsH 4 (a)Cl 

C-(i)C«H 4 4 :N(CH 3 )jC 1 
\(i)C#H4(4).N(CH*), 

Condensation of 
0 - chlorobenzy - 
aldehyde with 
dimcthylaniline . 
Subrequently 
oxidised. 

Soluble 

Blue. 

Water Blue 
China Blue. 
CottonBlue 

^(i)C»Hi 1 j5jNH*.C«H4.SO*Na 

C - (i)C 4 H 4 ( 4 ) - NH .C«H 4 .SO 2 

\r)CeH4(6)NH.C6H4.SOjNa 


Soluble 

Blue XG. 


Condensation of 
- N aphthyl 
anune with ros- 
aniline and sub- 
sequent sulpho- 
nation. 



Sulphonation of 
Spirit Violet. 

gina Violet 


Spirit Blue. 

Aniline 

Blue Spir-j 
it soluble. ! 

Gentian 
Blue 6 B. 

Hessian 

Blue. 

Bleu de 
nuit, etc. ' 

/(i)C»H4(4)NH.C»H4 

C-(i)C»H4U);NH1CiH»)C1 

(i)C8H4 

By phenyktion 
of rosaniline by 
heating with ani- 
line. 

Spirit 

Violet. 

? Hydrochloride of dipbenylrosaniline. 



Victoria 
Blue B. , 
BS. 

/(i)C.H4(4)N(CH»)j 

C = (i)C«H4(4):N(CH*)jC 1 
\(i)CiaHi( 4 jNH.C^i 

Condensation of 
phenyl- a-naph- 
thylamine with 
Michler’s hy- 
drol. 

Victoria 

/(i)CiH4(4)NrCHj)i 

C-0)C«H4(4):N(CHi)jC1 

\(i)CioH«C 4 )NHC*H» 


Blue R. 
New Vic- 
toria 

Blue R. 


Victoria 

/(i)C4H4(4)N(CHi)* 

C-(i)CiH4(4):N(CHO»a 

\(l)CioH4(4)N{g|}j\ 


B1u«4 R< 


Victoria 

/(i)C.HiC 1 s (3 and 5 ) 

C- i)C4H4(4):NfCHi>K3 i 

\(i)C.Hi(4)N(CH0, I 

■ 


Green 3 
B. 

New Past 
Green 3 

B. 





w uui wrccn 

s. 
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Character of 
. dyestiiff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics. 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Copper-red 

powder, 

Dlue-jjreen 

solution. 

Blue-black 
ppt. which 
soon turns 
red-brown. 

Reddish- 

yellow 

colour. 

Reddish- 

yellow 

solution. 

First turns 
yellow, more 
water causes 
it to go green 

Easily soluble in 
alcohol. 

For silk and cot- 
ton (tannin 
mordant). 

Blue coppery 
powder, 
blue solu- 
tioti. 

Brown. 

Slight ppt. 

Orange. 

Blue ppt. 

Acid dye. 

Flakes, red- 
dish metallic 
lustre. 

Dull claret. 

Blue ppt. 

Reddish 

Brown. 

Blue ppt. 

Acid dye. 

Bronze pow-| 
der, violet 
solution. 1 

Lighter. | 

Violet ppt. 

1 

Add dye. 

Bronzy pow- 
der. 

Insoluble. 

Brown.* 

No change.* 

Yellow. 

1 

Blue ppt. 

Basic dye. Solu- 
ble in alcohol 

♦Reaction of al- 
coholic solution. 




j Brown. 1 Violet ppt. 

1 ! 

Basic dye. Solu- 
ble in alcohol. 




Bronzy pow- 
der, blue 
solution. 

Brown ppt. 

Blue opt. 
Soluble in 
excess. Red 

Orange -red. 

i Blue after 
first going 
yellow and 
green. 

Soluble in alco- 
hol Nitric add 
(sp, gr. 1.40); 
greenish - yellow 
with red edge. 
Stannous chlor- 
ide in hydro- 
chloric add; 

darker. 

Blue powder, 
blue solu- 
tion. 

Brown ppt. 

Brown 

solution. 

Yellowish- 
brown solu- 
tion. 

Bright green 
then blue. 

Basic dye. Solu- 
ble in alcohol 

Bronzy pow- 
der, violet 
solution. 

Brown ppt, 

Blue ppt. 
Red with 
concentrated 
acid. 

Red -brown. 

Blue. 

Nitric add (sp. 
gr. 1.40); green- 
ish yellow with 
brown edge. 

Green crystals, 
^eenisft-blue 
wiution in 
Water, 
Kehtmises 

«ii coolinif. 

Violet powder. 
?teen solu- 
tion. 

Omngeand 
' slight pre- 
Icipitate. 

Yellow. 

Yellow. 

Green. 

Basic dye. Solu- 
ble in alcohol. 
For silk, wool 
and cotton 
(tannin m 0 r- 
^nt.) 

Bluer. On 
.warming 
violet, then 
pink. 

Yellow. 

Brown -violet 
solution. 

i Green. 

j 

Soluble in alcohol. 
Only slight-Iy 
altered by stan- 
nous chloride in 
hydrochloric acid 
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7 . PYROHfi, XANTHONE AHD FLUORAH DYES. 

Many dyestuffs are characterised by the presence of a pyrone ring 
in the molecule; of the 6 members of this ling, 5 are carbon atoms 
and the remaining member an oxygen atom. Pyrone itself is a colour- 
less compound, but when situated adjacent to i, or between 2 
aromatic nuclei, as in chromone and xanthone, the introduction of 
auxochromic groups in suitable positions gives rise to a number of 
dyestuffs. 


O 

C 

O 

pyrone. 


o 



o 


Chromone, 


0 



c 


o 

Plavone. 



Among the structures involving the pyrone ring, chromone, flavone 
and xanthone may be specially mentioned. Many naturally occurring 
dyestuffs are hydroxylic derivatives of the two* latter compounds, 
while the artificial dyestuffs of the series are almost without exception 
genetically related to xanthone. 

The pyronines (I) are derived from fluorime (II) and related to 
fluorone (III) 




CH 

III 
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while Buoresceln (IV and IVa) and its derivatives and the rhodaniines 
(an example is given by V and Va) may be con^dered 



V Va 


as derived either from fluorone and fluorime respectively or from 
a parent substance duoran (phenolphthalein anhydride) 


O 



accordmg to which of the tautomeric formulae is taken. It seems 
probable that an alkaline solution of fluorescein contains salts which 
pass between the 2 forms corresponding with formulae IV and IVa, 
for Nietzki and Schroeter {Ber.y 1895, 28 , 44) obtained on alkylation 
a colourless lactonoid diethyl-ether and an isomeric yellowish- red 
quinonoid ether-ester at the same time. An oscillation of the molecules 
of liuorescein between the 2 structures IV and IVa has been suggested 
hy Hewitt (Zeitsch. physikal- Otem.y 1900, 34, 5) in explanation of the 
fiiiorescence of solutions of this compound. 
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Pyronine and its Derivatives. 

Pyronine G or Gasan Pink (Gerber) may be obtained either from 
dimethylaniline and formaldehyde or from the latter compound and 
dimethyl-w-aminophenol. In the former case the 2 substances are 
condensed to tetramethyl-^-diaminodiphenylmethane which is then 
nitrated and reduced. The resulting tetra-amino-compound is then- 
diazotised and boiled with water yielding tetramethyl-^^-diamino-oo- 
dihydroxy diphenyl methane, a substance which may also be produced 
by the direct condensation of formaldehyde and dimethyl- w- amino- 
phenol. Water is eliminated by means of sulphuric acid and the 
leu co-compound oxidised: 






CH, 


2 CflH5N(CH,),-hCH,0-H,0 


2 CaH.(0H)N(CH,), + CH,0-H,0 




(CH; 




CH 


CHj 


Pyronine G is a red dyestuff somewhat resembling the rhodatnines 
in shade. It occurs in the form of green crystals, soluble in water, 
giving a red solution having a yellow fluorescence; also soluble m 
alcohol with a red colour and a yellow fluorescence. On treating the 
aqueous solution with sodium hydroxide a pale red precipitate is 
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produced; the addition of excess of hydrochloric acid causes the colour 
of the aqueous solution to become bright orange. With strong sul- 
phuric acid the dyestuff gives an orange solution, which becomes red 
on dilution wth water. 

There is a corresponding tetra-ethyl derivative which is called 
Pyronine Bj its shade is somewhat bluer than the preceding compound, 
and its fluorescence is redder, otherwise its reactions are similar to 
those described for Pyronine G. The pyronines dye cotton mordanted 
with tannic acid brilUant bluish-red shades. 

Acridine red 3 B (also B, and BB) is obtained by the oxidation of 
pyronine B by means of potassium permanganate. It possibly has 
the formula: 


(C 1 )(C,H,), 


'2^5)2 

It is a brown powder soluble in water and alcohol, giving a red solution 
with a yellow fluorescence. Sodium hydroxide added to the aqueous 
solution produces a red precipitate; the addition of hydrochloric acid 
changes the colour to orange. With strong sulphuric acid the dyestuff 
gives a yellow solution with a green fluorescence; dilution with water 
causes the colour to change to red. 

Acridine red is dyed with a tannin mordant on either cotton or silk 
in a manner similar to the pyronines, but the shade obtained is more 
yellow than that produced by the latter. The colour is quite fast to 
washing and light. 

By the action of a solution of sulphur in fuming sulphuric acid 
(sulphur sesquioxide) on tetramethyldiaminodiphenylmethane, Sand- 
meyer obtained a strongly fluorescent dyestuff analogous to pyronine 
but containing a sulphur atom in place of the oxygen atom of the 
pyrone ring. (J. R, Geigy and Co., German patent 65,739,) 

When dimethyl-f»-aminophenol is condensed with benzotrichloride, 
a dihydroxyl-deriv^tive of malachite green is probably first produced; 

loses water, however, passing into a dyestuff Rosaminef which is 
Simply a phenyl-derivative of pyronine; its structure is given by the 
formula: 

VoL, V.— 19 
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(CH,),N, 



N(CH3)2CI 


It shoiild be mentioned that Kehrmann advocates an oxonium 
formula (I) for the dyestuffs of this class, 



while the corresponding formula (II) which he [Ber,, 1908, 41, 3441) 
assigns to the hydroxyfluorones, seems quite untenable. (Kropp and 
Decker, Ber,^ 1909, 42, 578.) F. G. Pope and H. Howard who have 
prepared a Quorone to which either the structure III or IV must be 
assigned 


0 O 0 0 



find that it is not dissolved by alkalies which renders an oxonium- 
phenol- betaine formula very improbable. (Trans, Chem. Soc., 1910, 
97> 1023.) 

Fluorescein^ QoHijOj, results from the condensation of phthalic 
anhydride and resorcinol. It is prepared by heating 3 parts of 
phthalic anhydride and 4 of resorcinol to 2oo°-2ia° for i hour, or till 
no more steam is evolved and the melt has become solid. The 
product is purified by solution in sodium hydroxide and addition of 
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sodium phosphate and calcium chloride to the solution, when the 
phosphate of calcium carries down the impurities, and the fluorescein 
may be precipitated by acidifying the filtrate. 

Fluorescein forms an amorphous yellow precipitate which becomes 
crystallme and yellowish-red on standing or drying, and then contains 
C20H12O5 +H2O. It is nearly insoluble in cold water, more readily 
in acidified, and sparingly in hot water, to which it imparts a yellow 
colour. When freshly precipitated it dissolves readily in alcohol and 
ether, but is nearly insoluble in benzene and chloroform. The ethereal 
solution is pale yellow and non-fluorescent, while the yellowish-red 
alcoholic solution shows a green fluorescence. 

Fluorescein is a feeble acid, dissolving in alkalies with dark red 
colour. The strong alkaline solution is not fluorescent, but on dilution 
it changes to reddish-yellow and yellow, and then exhibits a magnifi- 
cent yellowish-green fluorescence, similar to that of uranium glass, 
and gives an absorption- spectrum with a broad dark band in the green. 
Even if the solution be so dilute as to appear colourless by transmitted 
light, the green bloom is still visible. 

When a solution of fluorescein in aqueous sodium hydroxide is 
heated with zinc-dust the liquid becomes colourless and contains 
fluorescin, On filtering from the excess of zinc and 

exposing the liquid to the air, it gradually re-acquires its reddish 
colour, owing to the absorption of atmospheric oxygen and re-formation 
of fluorescein. Or if the colourless liquid be acidified and agitated 
with ether, the fluorescein is dissolved, and on evaporating the ether 
is left as a colourless varnish, soluble without colouration in sodium 
hydroxide, giving a liquid which rapidly turns red in the air from 
formation of fluorescein. The oxidation is immediate on addition of 
a ferricyanide to the alkaline liquid. 

Fluorescein dyes silk and wool yellow, but the colours are not fast. 
It forms insoluble lakes with silver, lead, etc., which compounds are 
not poisonous, and hence may be used for colouring toys, india- 
rubber gocxfs, etc. 

Besides its feebly acid properties fluorescein can exercise weak 
basic functions, giving salts which are to be regarded as of oxonium 
type. (Baeyer, Annaleny 1876, 1831 27; Hewitt and Tervet, Trans. y 
^902, 81, 66^.) Similar salts with adds may be obtained from its 
colourless diethyl ether (Nietzki and Schroeter, Ber.y 1895, 28, 56) 
and the parent substance fluoran. (Hewitt and Tervet, hoc. Cif.). 
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The constitution assigned to fluorescan has been confirmed 
by its ■ conversion into fluoran or phenolphthalein anhydride (R, 
Meyer, Ber.^ 1891, 24, 14125 1892, 25, 1385; 1895, 28, 428); which 
when distilled with lime gives calcium benzoate and xanthone: 



The position of the hydroxyl groups is rendered certain by the fact 
that the dibromodihydroxybenzoylbenzoic add obtained from eosin 
(tetrabromofluorescein) by the action of alkalies and reconvertible 
into the latter substance by elimination of phthalic anhydride by direct 
heating (R, and H. Meyer, Ber, 1896, 29, 2623) may be condensed 
directly to a dibromodihydroxyanthraquinone of known constitution 
(Heller, Ber,, 1895, 28, 312) 


yCOjH YoH 

Br 


= H ,0 + 


CO OH 


OH 


CO Br 


consequently fluorescein and eosin must possess the respective formulae, 



or have equivalent tautomeric quinonoid constitutions. 

Chrysolin (sometimes called uranin), obtained by condensing 
benzyiresorcinol and phthalic acid in presence of strong sulphuric acid 
and conversion of the product into the sodium salt, is a reddish-brown 
powder possessing a greenish reflex. Its aqueous and alcoholic solu' 
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rions are yellowish-brown, and exhibit a remarkable green fluores- 
cence, which disappears with formation of a brown-yellow precipitate 
of benzylfluorescein on addition of acids. The precipitate is solu- 
ble in ether. The aqueous solution is darkened by alkalies, and the 
solid dye dissolves- in strong sulphuric acid with yellow colour, and 
yields a yellow precipitate on dilution. With stannous chloride and 
with lead salts, chrysolin gives brilliantly coloured lakes. It dyes silk 
or wool a fast yellow, and is employed in cotton-dyeing for topping 
quercitron-yellow, the quercitron itself acting as a mordant. 

Substitution Derivatives of Fluorescein. 

Substitution derivatives of fluorescein may be obtained by the con- 
densation of substituted phthalic anhydrides with resorcinol or by the 
action of substituting reagents (halogens, nitric acid) on fluorescein, 
or by combining the two processes. In acting upon fluorescein with 
bromine or nitric acid, dissubstituted derivatives are flrst produced 
and eventually tetrasubstituted compounds. 

If the positions in the parent substance fluoran be numbered accord- 
ing to the scheme 



fluorescein may be described as 3 : 6-dihydroxyfluoran, and it has 
been shown that positions 4 and 5 are those first attacked on substitu- 
tion, the hydrogen atoms at 2 and 7 being replaced subsequently 
(L. Matras, Chem. Zeii.y 1895, 19, 408; Arch. Sci phys. nat.^ 1895, 
33 i 285; Hewitt and Woodforde, Trans. Cketn. 5 <?c., 1902, 81, 
^93)- Compounds containing nitro-groups in positions 4 and 5 easily 
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take up a molecule of water, 4 : 5-<iinitrofiuor«scein for instance dis- 
solving in dilute alkalies with a brown colour (pyrone ring intact) 
which passes into blue on warming. This colour passes into a dirty 
shade of brown on continued warming, a molecule of nitroresorcinol 
being eliminated from the dinitrofluorescein molecule. 

Nitro-groups in positions 4 and 5 are easily displaced by halogen, 
but not those in 2 and 7. The statements which are sometimes met 
with that the same dibromo- dinitrofluorescein results from the bromina- 
tion of dinitrofluorescein and the nitration of dibromofluorescein as 
well as from the reaction between tetrabromofluorescein and nitric 
acid (or tetranitrofluorescein and bromine) are obviously incorrect. 
Hewitt and Woodforde {loc. cit,) definitely established the following 
relationships: 

^4:5-DinitrofluoresceIn — * 2:7-dibromo -4:5- dinitro* 
Fluorescein fluorescein. 

'^4: 5- Dibromo fluorescein — 4:5-dibromo -2:7-dinitro- 

fluorescein. 

4 : 5-Dinitrofluorescein and its 2 : 7-dibrominated derivative dissolve 
in cold dilute alkalies with a brown shade passing into blue on warming; 
from the blue solutions acids precipitate compounds containing the 
elements of i molecule of water in excess of that in the original sub- 
stances, and these precipitates dissolve with immediate blue colour in 
cold dilute alkalies. These hydrated compounds (derivatives of 
phenolphthalein) are readily converted into the original fluoran deriv- 
atives by crystallisation from boiling acetic acid. The opening of the 
pyrone ring by warming with dilute alkalies does not occur in the 
case of 4 : 5-dibromofluorescein, eosin, or 4 :5-dibromo-2 :7-dinitro- 
fluorescem. 

Nitrated fluoresceins containing more than 2 nitro-groups in the 
molecule do not give a blue colouration on warming with alkalies. 

Tetrabromfiuorescein, or acid eosin, CjoHgBr^Oj, is prepared by 
gradually adding 24 parts of bromine to 10 parts of fluorescein dissolved 
in 8 times its weight of strong alcohol. When half the bromine has 
been added, the product changes from reddish-brown to a very dark 
brown colour. This marks the formation of the dibromoderivative, 
which is easily soluble in alcohol. On continuing the addition of bromine 
the tetrabromfluorescein separates as a brick-red crystalline precipi' 
tate, which is washed with a little alcohol and then with water. An 
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alternative method of preparation is to mix a solution of fluorescein 
in sodium hydroxide with a solution of the calculated amount of bromine 
in sodium hydroxide, and then acidify the liquid with hydrochloric 
acid, when the tetrabromfluorescein is precipitated. 

Tetrabromfluorescein closely, resembles fluorescein itself. It is 
nearly insoluble in water, and its reddish-yellow solution in alcohol is 
not fluorescent (distinction from fluorescein). It is a well-defined 
dibasic acid, the salts of which are decomposed by mineral acids, but 
only imperfectly by acetic acid. 

By cautious treatment with potassium hydroxide, acid eosin yields 
the potassium salt, C2oHflBr405K2+6H30, which is known in com- 
merce 2J&Solubl€ Eosittf and forms a red powder or brownish-red crystals 
with blue or yellowish-green reflection. It is not easily soluble in 
aljsolute alcohol, but dissolves completely in 2 or 3 times its weight of 
water to form a reddish -yellow solution. This on dilution becomes 
rose-coloured and exhibits an intense yellowish-green fluorescence, 
which is rendered still stronger by the addition of alcohol. The 
absorption-spectrum shows a broad dark band in the green, destroyed 
by mineral acids, but not by acetic acid. On adding hydrochloric acid 
the solution becomes yellow, and on heating gives a yellow precipitate 
of tetrabromfluorescein, which may be extracted by ether and removed 
from the ethereal solution by agitation with an alkali. 

The sodium salt of the tetrabromfluorescein is an article of commerce 
under the name of Eosin C,^ or in the form. of garnet-red crystals as 
Eosin B extra. It closely resembles the potassium salt. The ammo- 
nium salt, known as Eosin of a red appearance, is prepared by the 
direct action of a m monia gas on tetrabromfluorescein.^ 

By the addition of a soluble salt of eosin to solutions of the heavy 
metals, sparingly soluble or insoluble lakes are obtained as precipitates. 
Silver gives red, and zinc, cobalt, iron, manganese, bismuth, and tin 
reddish-yellow lakes. 

A bright vermilion lake may be obtained by mixing the solution of 
eosm with starch or kaolin and precipitating with alum. If excess of 
alkali be previously added to the solution, the precipitate obtained is 
carmme-red, and with still more alkali a pink lake results. From 
yellowish shades sulphate of zinc or magnesium should be used in con- 
junction with alum. 

EeitH ytUowisk, Ecsin GOF, Water Soluble Eosin, Eosin A, Eosin 3/, 
-S"*" DH.and Eosin JJF. 

ww Orange ^ £osfn 3(7, Sainton Ptn^, etc., are mixtures of di- and tetra-bromfluorescein. 
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Vermilionette is a brilliant lake obtained by precipitating eosin by 
lead acetate. Lighter shades are obtained by also adding sodium 
carbonate. A very bright vermilion-coloured product is obtained by 
stirring up red-lead with ap alkaline solution of eosin and then adding 
lead acetate to complete precipitation. Basic chromate of lead (chrome- 
red) gives even a brighter red than red-lead. Vermilionette some- 
times contains a considerable proportion of barium sulphate or other 
diluent. 

Tetraiodofluorescein, or iodeosin, C2flH8l405, is prepared by 
mixing solutions of fluorescein and iodine in sodium hydroxide, and 
then adding acetic add. Its alkaline salts are sold as Eosin Blue-Shade 
(soluble in water), J jErythrosin, Erythrosin B, Byrosin B, lodeosin 
B, Dianthin Soluble Primrose^ and Erythrosin D. ^ The sodium salt 
is brown-red and the ammonium salt light brick-red. Their aqueous 
solutions are not fluorescent (distinction from the brominated eosins), 
and on treatment with zinc-dust and ammonia the iodine is eliminated 
and a colourless solution of fluorescein obtained, turning red on ex- 
posure to air, with formation of fluorescein. Erythrosin G is the 
sodium or potassium salt of di-iodofluorescein. 

Dibromo-dinitro-fluorescein is obtained technically by acting on 
an alcoholic solution of dibromofiuorescein with nitric acid (Nietzki). 
It is a fairly strong dibasic acid sparingly soluble in alcohol and acetic 
add but readily soluble in alkalies with a crimson shade; the solution 
shows no fluorescence. .The diacetyl and dibenzoyl derivatives are 
colourless and melt at 215° and 301° (with decomposition) respectively. 
The salts are known in commerce as Sa/rosinj Eosin Scarlety Dapkniuy 
Eosin BNy Methyl Eosin^ Eosin Scarlet B, Eosin B, Scarlet /, //, and V, 
Nopdin, Eosin Scarlet BBy Eosin BW^ Imperial Red, and Eosin DHV. 
The potassium and sodium salts are dark brown or green powders, 
while the ammonium salt is red. A mixture of bromonitro-fluorescem 
with the di- and tetra-nitro-derivatives is known as luticienne. Rubeo^n 
is a nitrochlorofluorescein, obtained by the action of nitric acid on 
Aureosin, which is itself a chlorinated fluorescein. 

Tetrabromo-dichlorofluorescein, CjoH«CljBr406.— In all the 
substituted fluoresceins hitherto described the replaced hydrogen 
belongs to the resorcinol residue, but eosins may also be prepared in 
which the hydrogen atoms of the phthalic acid residue are replaced. 
Thus when dichlorophthalic acid acts on resorciitol a dichlorofluo- 

> Serntt of these names are applied to the alkaline salts of a dl-iodfl^res^ln. 
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rescein is obtained, and by brominating oriodinating this substance other 
colouring matters result. Rose Bengale^ and Phloxin^ are dyes of this 
kind, the former being the potassium or sodium salt of tetraiodo- 
dichlorofluorescein, and the latter ther potassium salt of tetrabromo- 
dichloib- (or tetrachloro-) fluorescein. Cyanosin is the potassium salt 
of the methyl or ethyl ester of phloxin. Phloxin TA {Eosin 10 
Erythrosin B) is the sodium salt of tetrabromtetrachlorfluorescein. 

Esters of Substituted Fluoresceins. — The methyl and ethyl 
esters of tetrabromfluorescein are obtained by heating eosin with 
methyl or ethyl alcohol and sulphuric acid, by heating acid eosin with 
methyl or ethyl bromide, or by brominating fluorescein in hot alcohol, 
when esterification and bromination occur simultaneously. The 
potassium salt of ethyl- tetrabromfluorescein is a red crystalline sub- 
stance with a greenish reflex. It has found a considerable application 
in silk-dyeing, and is known as SpirU-eosijif Ethyl-eosifif Rose JB., 
Spirit Primrose, Eosin BB, Eosin S, etc. Metkyl-eosin is of very 
similar character. 

Methyl- and ethyl-eosin are sparingly soluble in water and insoluble 
in absolute alcohol, but they dissolve easily in proof-spirit, the dilute 
solutions having a beautiful fluorescence. 

Reactions of the Eosins. — The halogen derivatives of fluorescein 
give solutions which fluoresce more feebly than fluorescein itself, the 
introduction of nitro-groups inhibiting the fluorescence completely. 
The absorption spectra of these substances has engaged the attention of 
C. H. Bothamley, (/. Soc. Chem. Ind., 1887, 6, 423) and J. Formauek 
{Spektroskopiscker Nackweis kunstlkher organischen Earbstoffe). The 
commercial eosins are usually soluble alkaline salts; from their aqueous 
solutions hydrochloric acid precipitates the free substituted fluoresceins. 
In all cases the precipitates are soluble in ether, and on agitating the 
separated ethereal solution with sodium hydroxide or ammonia the eosin 
pa^es into the alkaline liquid with characteristic colour, and usually 
with fluorescence. On reduction the eosins readily give leuco-com- 
pounds. JR. Benedikt (Chemiker Zeilung, 1883, 7, 57) carried this 
out by shaking a dilute ammoniacal solution in the cold with zinc dust; 
all eosins are rapidly decolourised by this treatment. If the solutions 
be filtered they do not re-oxidise very rapidly (see Green, J. Soc. Oiem. 

1893, I3>3); in most cases they pass back eventually to the 

\ al*o as Rost Btfuolt. Af., A T. G. ’ 

JS.nown alap at Phlojtin P, Erythrosin BB, and Nevf Pink. 
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original eosin, but in the case of Eosin J (lodoeosin) iodine is replaced 
by hydrogen and the* colourless fluorescein solution obtained on 
reduction, when oxidised shows the powerful green fluorescence of 
fluorescein itself. The original colour is not obtained in the case of 
Safrosin (dinitro-dibromofluorescein), the nitro-groups being deduced 
to amino-groups. The colourless solution obtained in this case 
oxidises again with considerable rapidity, giving a cherry-red, non- 
fluorescent solution. 

Aurin and its allies present a somewhat close analytical resemblance 
to the eosins; but their ammoniacal solutions are not fluorescent, and 
no bromine or iodine vapours are evolved on heating the substance 
with sulphuric acid and manganese dioxide. 

The eosins produce on silk and wool all shades of colour from a 
reddish-orange to a cherry-red and purple. The yellowish shade is 
produced by Eosin G, and the bluest by Bengal Red. For dyeing 
cotton with eosins, the fabric is mordanted with alumina or tin for 
yellow shades, and with lead salts for blue shades. The colours 
produced are not so fast as those on wool or silk, and are affected by 
light. 

The eosins soluble in water are slightly removed when fibres dyed 
with them are treated with warm water, especially if a little ammonia 
be added. Spirit- soluble eosins are not affected by water, but are 
dissolved from the fibre by alcohol, which leaves the eoans soluble in 
water. 

Phthaleins of Other Phenols.— Phthalic anhydride may be 
condensed with many other polyhydric phenols yielding hydroxy- 
derivatives of fluoran which are, for the most part, of no great technical 
importance. By heating, however, with gallic acid at 200°, the latter 
loses carbon dioxide and gallein, a condensation product of the result- 
ing pyrogallol, is obtained. Like fluorescein, this substance may be 
regarded either as a fluoran derivative or as possessing a quinotoid 
structure: 


HO 0 OH HO 0 OH 0 
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Its alkaline salts dissolve in water with a red colour; excess of alkali 
causes the solution to turn blue. The dyestuff gives insoluble, greyish- 
violet aluminium and chromium lakes; it is used for printing with the 
acetates of these two metals, the acetic acid being subsequently 
removed by steaming.^ 

Coerulein.— This dyestuff is produced by heating gallein with 
20 times its weight of concentrated sulphuric acid to 200° and pouring 
into water. It is almost insoluble in water, alcohol and ether, but 
dissolves somewhat with a green colour in glacial acetic acid, easily 
with olive-green colour in strong sulphuric acid, and with a blue shade 
in hot aniline. 

Coerulein differs from gallein by the elements of water and as it 
yields phenylanthracene on distillation with zinc dust, Orndorff 
and Brewer (Am. Oiem. J., 1899, 23, 430) have assigned to it the 
constitution: 



Coerulein S or SW is soluble in water and obtained from coerulein 
by combination with sodium hydrogen sulphite. 

An isomer of gallein which colours alumina mordants a fine red 
has been obtained by Feuerstein and Liebermann by the condensation 
of phthalic anhydride with i:2:4-trihydroxybenzene (Ber., 1901, 34, 
229^, 2637). 

Khodamines And Anisolines. — :Whereas fluorescein and its 
derivatives, although capable of weak basic (oxohium) function, are 
chiefly characterised by acidic character, well marked basic dyestuffs 
obtained by the condensation of phthalic and other similar anhy- 
drides with w-aminophenol and its derivatives. These compounds, 


‘Recoin fluorwctin, forms salts with a number of mineral acids and when these are 

water, gallein hydrate, CttHuOrHtO, is obtained. G. Heller has 
iQoti, 5 265) ** * r«ady means of purifying the commercial dyestuff Farhen-Jnd., 



300 


DYESTUFFS OF GROUPS 6 TO 12. 


which give magnificent red shades and have very largely displaced the 
eosins, may also be cfbtained from fluorescein by conversion of the 
latter into its dichloride and subsequent reaction with dialkylamines* 
The rhodamines may be written either with a diamino-fluoran or with 
a qiiinonoid carboxylic structure; the latter seems the more probable 
in the sdts at any rate since on heating a rhodamine cUoride with an 
alcohol a carboxylic ester is produced. The first of these esters was 
introduced by Monnet under the name of “Anisoline.” He attributed, 
however^ an incorrect structure to the substance he had obtained. The 
structures of typical rhodamines and anisolines may be shown by the 
following formute: 



0 



Anisoline. 


The rhodamines and anisolines are thus represented as carboxylic 
acids and esters respectively of dyestuffs of rosamine type. 

Mixed rhodamines or substances intermediate between rhodamines 
and fluoresceins have been obtained by the Bindschedler Company 
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Basel, by condensing equimolecular quantities of phthalic anhydride 
and alkylated w-aminophenols to derivatives pf benzoylbenzoic acid 
and then allowing the latter substances to refect with a second molecule 
of a different w-aminopfaenol or a phenol, the mixed dyestuffs obtained 
in the latter case being known as rhodines. 

The Violamines are acid dyestuffs of this series; they are obtained 
by the condensation of fluorescein chloride with aniline or other 
aromatic bases and subsequent sulphonation; they are useful dyestuffs 
for wool. 

The anhydride of practically any dicarboxylic add of grouping 


•c-co 

I >0 

•c— CO'^ 


will condense with w-amino-phenols to give rhodamines; Rbodamine 
S, which gives a beautiful red on wool, is obtained from succinic 
anhydride. 

The rhodamines generally dissolve in concentrated sulphuric acid 
with a yellow colour, the red shade being restored on dilution. 
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Com- 

mercial 

name 

’ Formula 

\ 

Remarks 

Acridine 
Red B. 
aB, 3 B. 

.^f4)N(CjH0*Cl 

ClOH) 0 

\(OC#Hi/ 

\( 4 )N(C*H .)2 

By oxidation 
of pyronine B. 

Chrysolin# 

(OC«H, 

C=(i)C«H»- 

Ni)C 6 H«(a 

^ 3 )CHtCiHs * 

( 4 ) 0 Na 

( 6 ) 

4 :0 
)C 02 Na 


Coerulein. 

Alizarine 

Green. 

Anthracene 

Green. 

(OCiHi 

/ 

C— CeH 

(sioH 

(5 OH 

2)-\ 

From gallein by 
action of sul- 
phuric acid. 

Coerulein 

S.SW. 

Sodium bisulphite compound of coerulein. 


Cotton 

Rhodine 

BS. 


(OCeHi 

^(OCeH, 

U):N(CHi)jC 1 
2 )COOCiHs J 

CHi 

i 

Action of for- 
maldehyde on 
ethyl ester of 
tiimethyl - rhod- 
amine. 

Cyano- 

sin. 

MeUiyl 

Phlox- 

in. 

(i)C»HSr*< 

C-(i)C»HBri' 

(4)0K 

u)-o 

:oocHi 

Alkylation of 
phioxin. 

Cyclamin. 

C.HBri 

/ 

C-CtHBn 

/OK 
[ >S 

1:0 

COjK. 

Prom dichloro- 
fluorescein and 
sodium sulphide 
and subsequent 
lMX)mination. 

Eosin, A, 
YeUoW' 
ish, G 
extra, 

GCF. 3J. 
4 J, etc., 
etc. 

(i)C.H ' 

C-(i)CsH ' 
\ 

/3)Br 

4)0Na 

ISlBr 

' ? >0 
s!?f 

Uj:0 

a)COiMa 

By bromination 
of fluorescein. 

Eosin B>7 
Safrosis 
Eosin 
Scarlet 

B., etc., 
etc. 

(j)CJJ- 
/ 1 
C-(l)C,H ; 
\ 

(3) N0i 

4 OK 
ijBr 

6>0 

(slBr 

(4) ;0 

Wno, 

Nitration (rf 

hromo-fluo- 

rescein, 

i — 
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Character of 
dyestuS 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium j 
hydrojride 

' With hy- 
drochloric 
add 

1 

1 With 1 

' cone, 

acid 

On dilution ; 
with water 

i 

Brown pow- 
der, red 
lution with 
yellow fluo- 
rescence. 

Red ppt. 

i 

Orange. 

Yellow 

solution. 

Green 

fluorescence. 

Red. 

Dyed on a tannin 
mordant. 

Brown pow- 
der, brown 
solution, 
green fluores- 
cence. 

Darker. 

Yellow ppt, 

Yellow 

Yellow ppt. 


Black paste. 
Insoluble. 

Green. 

No change. 

Brown. 

Black ppt. 


Black powder, 
brown solu- 
tion. 

' Green ppt. 

No change. 

Brown, 

Black ppt. 


Red-brown 
powder, | 

Dluish-redj 
solution. 

Scarlet ppt. 

Reddish- 
brown ppt. 

Yellow 
brown solu- 
tion. 

Reddish- 
brown ppt. 

Dyes cotton tan- 
nined a bright 
violet red. 

Red powder. , 

No change 
(alcoholic 
solution). 

Fluorescence 

disappears 

(alcoholic 

solution). 

Yellow. 

Brown ppt. 

Soluble in alco- 
hol with yellow 
fluorescence. , 

Brown pow- 
der, red so-i 
lution. 

No change. 

Fredpitate. 

Orange. 

1 



Bluish-red 
c!W3tals, red 
solution, 
green fluores- 
cence. 

No change. 

Orange ppt. | 

1 

i 

■ i 

Yellow, 

Orange ppt. 

Soluble in alco- 
hol with green 
fluorescence. 

Broum crys- 
talline pow- 
.orange 
solution. 

No change. 

Ppt. 

i 

1 

1 

Brown so- 
lution. 

Ppt. 
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Com- 

mercial 

name 

Formula 

Remarks 

Erythria 
Methyl 
Eosin. 
Spirit Eosin 
Primerosc 
k I'alco- 
ol, DH. 

CsHBrJP^ 

\h4.COOCHi 

Alkylation of 
eosin. 

Erythro- 
sin, D, 

• S. . 

Pgrosm 

lod eosin 

B. 1 

Eosia 
bluislu 
Eosin J. 

C«H4.C0*Na. 


Erythro- 
sinG. i 

Dlanthia 

G. 

Pjrosin 

lodeo&in 

G. 

1 . 

CiHjI 

C-CsHsI 

:oiK 


Ethyl Eosin • 
Rose JB. 

C 

C«HBri {' 

N::«H4.coo 

OK 

> 

.•0 

C*H| 1 

A 1 ky lation of 

eosm. 

Fluorescein 

Urania. 

c 

(i)C.H4(a)COtNa | 

Condensation of 
phthaUc anhy- 
dride with re- 
sorcinol. 

Gallein. 

Alizarine 

Violet. 

Anthracene 

Violet. 


Xi)CsHi(a: 

(4)0H i 

(s)OH 

6>0 

S)0H 

UjoH 

).C0.0 

From gallic acid 
and pnthalic an- 
hydride. 

Irisamine 

G. 

Rhodine 

3G. 

c 


(s)CHi 

4)NH, 

1 : 

(4):NiCH,)*Cl 

ICOOCjHi 


Phkndn. 
Phloxin P. 
New Pink 

c 

CiHBrJi 
-CiHBrj |; 

3K 

>3 

Prom dichlw- 
phthalic anhy- 
dride and re- 
sorcinol 

subsequent bro- 
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Character of 

dysetutt 

Reaction of aqueous 
Solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochlonc 
acid 

With 

cone, 

add 

On dilution 
with water 

Green powder, 
red solution 
in hot water. 

Darker. 

Yellow ppt. 

Yellow'. 

Brownish- 
yellow ppt. 

Soluble in alco- 
hol The cor- 
responding ethyl 
ester is known as 
Eosin S, BB, 
Rose JB h I’al- 
cool, Frimerose 
k I’alcool, etc. 

Brown pow- 
der, red so- 
lution, non- 
duoresceat. 

No change. 

Yellow ppt. 

Yellow. 

YelloY' ppt. 


Brown pow- 
der, red solu- 
tion, non- 
fluorescent. 

No change. 

Yellow ppt. 

! 

Yellow. 

i 

Yellow ppt. 


Brown pow- 
der, red Bolu-' 
tion, slight 
fluorescence. 

Yellow ppt 

Brown ppt. 

Yellow, i 



Brown pow- 
der, yellow 
solution, 
strong green 
fluorescence. 

Darker. 

Yellow ppt. 

Yellow solu- 
tion. Green 
fluorescence. 

Yellow ppt. 

Soluble in alco- 
hol. 

Violet paste or 
green pow- 
der, red 
solution. 

Blue. 

Brown. 

Orange. 


Soluble in alco- 


hol. 

Groen crystal- 
line powder, 
carmine red 
solution. 

’ Scarlet ppt. 

Yellow col- 
our restored 
on dilution. 

Yellow solu- 
tion. 

Colour re- 
stored. 

Unaltered by stan- 
nous chloride in 
hydrochloric 
acid. 

^ ellow pow' 
der, red solu- 
tion, greer 
fluorescence. 

Bluer. 

Yellow ppt. 

Yellow. 

Brown ppt. 



VoL. V.—ao 
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Com* 

mercial 

name 

Formula 

1 

Remarks 

Phloxin 

TA. 

Phloxin. 
Eosin loB. 
Erj^hrosin 

CsHBrW^* 

C^CiHBn 1 ^ 

N;6Cl*.CO!Na 

From tetrachloro- 
phthalic acid. 

PyTonia 

B. 

^(0C.H.{W=N(C=H.).C1 

C “j >0 

Resembles pyro- 
nine G. 

Pyrooine G. 
Casan Pink. 

^.h,{<ncch.).ci 
c )>0 

\CiHi \ ;N(CHi)j 

Form formalde* 
byde and rli- 
methyl-w - ami- 
nophmol. 

Khodamine 
B or 0 
Safraniline. 

/ 1 >0 
C“(i)C«Ui{}4j:N(CiH0iCl 

M0C€H<(3)C0iH 

From phthalic an- 
hydride and di- 
methyl-wt * ami- 
nophenoL 

Rbodamine 

Anik>liiic. 

i N(CjHi)i i By eBterification 

' of rbodamine 

C-CiHt { .N(C,H5):C1 I 

Rbodamine 
G and G 
extra. 

(i)C.H«{ 1 

/ 1 >0 

C“(^)C«Hi{y.N(CH»),Cl 

^(i)CiHi(4)C00H I 

Rhodatnine 

6G. 

Trianiso* 

line. 

C,Hi 

C-C«Hi 1 .xHiCiHOCl 

N:.HH.COOCik» 1 


Khodamine 
13 GM, 

(i)C*Hi { 

N0CtHt(3)COOCiH» 

From dimethyl' 

amino- by droxy- 
bimsoyl benzoic 
acid and methyl 
resorcin. Sub* 
sequeotly estcn- 



Rhodaimne 

S. 

^CHj.CHi.COOH 

From succinic 
anhydride ana 
difflcthyl'W- 

amioophenol. 

Rhodine aG 

/ f)^s>0 

C-(.)C.H. 

\(i)c,h,,(4)cc>6c.Hi 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with j 
sulphuric acid | 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Red powder, 
bluish-red 
solution, 
green flour- 
escence. 

No change. 

Red ppt. 

Yellow. 

Orange ppt. 


Fluorescence 
has a some- 
what redder 
shade than 
that of Py- 
fonine G. 


Dyes cotton mor- 
danted with 
tannic acid a 
bluish-red. 





Green crystel, 
red solution, 
yellow flour- 
escence. 

Pale red ppt. 

Bright 
orange in 
excess. 

Orange. 

Red. 

As pyronine B. 

Green crystals, 
bluish-red 
solution, 
strong flu- 
orescence. 

Red ppt. 

Green ppt. 
soluble in 
excess. 

Brownish- 

yellow. 

Bluish' red. 

Soluble in alco- 
hol. With stan- 
nous chloride in 
hydrochloric 
acid goes 

brighter. 

Red powder, 
red solution 
with fluores- 
cence. 

Red ppt. on 
heating, 

YcUow. 

Yellow. 

Red. 

Soluble in alco- 
hol. With stan- 
nous chloride in 
hydrochloric 
acid; scarlet. 

Orange , pow- 
der, violet 
solution 
with fluores- 
cence. 

Solution de- 
colourised on 
heating with 
precipitation 
of base. 

Yellow. 

Yellow. 

Red 

fluorescent 

Solution. 

Soluble in alco- 
hol. 

Brown pow- 
der, ^ 
solution 
(pink), 
green flour- 
escence. 

Light red. 

ppt. 

Yellow. 
Pink on 
dilution. 

Yellow. 

Pink. 

Soluble in alco- 
hol. Goes to a 
brighter shade 
with ^ stannous 
chloride and hy- 
drochloric acid. 

Red-brown 

powder, 

yellow-red 

solution. 

Bright red 
Ppt. 

No change. 

Yellow 

solution. 

Orange. 

Dyes silk and 
tannined cotton 
yellowish red. 

Crystalline 
powder, red 
solution 
^th yellow 
fluorescence. 

Decolourised 

Orange. 
Yellow. 
Pink on dilu- 
tion. 

Yellow. 

Pink. 

Brighter with 
stannous chlor- 
ide in hydro- 
chloric acid. 

Orange-red with 
nitric acid (S. 
G. J.40). 

Grwn crystal- 
line powder, 
carmine red 
solution. 

Scarlet ppt. 

No change. 



Soluble in alco- 
hol with scarlet 
colour and green 
fluorescence. 
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Com- 

raerdal 

same 

Pormula 

- — 

Remarks 

Rhodice 
la GF. 

1 

1 

’ 1 

000 

(4)0H 

1 

U):N(CH,)jCl 
COOCiHi . ' 

CH, 

, 

By action o{ for* 
maldek^e. 

} Constitution. 

Rosamine. 

C,H,.C P 

^(CHOiCl 

>0 

[(CH,)! 

Prom benrO' 
trichloride and 
dimethyl-m« 
aminophenol. 

Rose Beti- 
gale. 

C-C4HI! 1 

OK 

.COOK. 

Action of iodine 
on dichloro- 
fluorescein 

Rose Beu- 
gale, B, 
3B. 

C.HI, i 

C-C1HI1 ■ 

OK 

:OiK. 

From tetra-cbloro- 
fluoresceiti. 

Saf rosin. 

C4H(N0*)Br{P*^ ' 

/ 

C-CRH(NOOBT(rO i 

N:*h<.co*k 

Nitration of di- 
bromofluores- 
cdn. 

Vtolamine 

B. 

Past Acid 
Violet B. 

(OC.H,ff;|iNH.CsH 4 .SO,Na | 

(^)C^H 4 (J).CO^O 

From fluorescein 
chloride, t. r, di- 
chlorofluoran 

CmHioOsCU. 

Violamlne 

Past Acid 
Blue R. 

(OCtHi 

C-(OC*Hi 

^CiH, 

,;u).nh.c«h» rociH* 

IW >0 tSOiNa, 

'(( 5 i:NH(CiH 40 CjHi) 

f(r).C^.O 

1 4 )Cl 
t( 5 )Cl 

From p • phenet* 
idine and di- 

chlorofluores- 
celn chloride sub- 
sequent sulpho- 
nation. 

Violamine 

G. 

Acid Ros- 
amine A. 

C<Hi n 
C-CiHi h 
\ 

CiHi.CO- 

yQ ISOiNa 

Action of mesity- 
lene on fluores- 
oefn chloride aid 
subs^uent sul* 
phonation. 

Violamine 

R. 

Past Acid 
Violet AaR 
Add Violet 
4 ^ 

/ lS 0 ,Na 

C-C.H1 j^H.CiH 4 .CHi 

\h 4 .C 0-0 


Violamine 

aR. 

r.H./NH.CiHi fOCiH. 
y ,\\0 isOiNa ! 

C-C#Hi [ .c«H«,OCiHi 

^hk^,.c^0 ^__J 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
Sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Bright red 
porwrder, 
yellow-re d 
solution, 

Bright red 
ppt. 

No change. 

Yellow. 

Orange, 

Used for cotton 
and silk print- 
ing. 

Bluish;red 
solutions 
with yellow 
fluorescence. 

Decolourised. 

Ppt. 

Orange-red. 

Orange-red, 

Bluish-red. 

Have not attain- 
ed technical im- 
portance. 

Brown pow- 
der, red 
solution, 
no fluores- 
cence. 

No change. 

Red ppt. 

Yellow. 

Red ppt. 


Red powder, 
blui^-red 
solution. 

No change. 

Pink ppt. 

! 

Brown. 

Pink ppt. 


Brown crys- 
tals, oran^ 
solution. 

No change. 

Ppt. 

j 

Yellow. 

Ppt. 

1 


Violet pow- 
der, VI 0 1 e t 
solution. 

No change. 1 

Blue ppt. 

Orange. 

Blue ppt. 

Nitric acid (sp.gr. 
1.40); scarlet. 

1 

Dark violet 
powder, dark 
blue solu- 
tion. 

Violet. 
Redder 
on heating. 

Blue 

flocculent 

ppt. 

Bordeaux 

coloitred 

solution. 

Reddish 

violet, 

eventually 

ppt. 


Red powder, 
red solution. 

Yellow. 

Red ppt. 

Yellow. 

Red ppt. 


Red powder, 
red solution. 

No change. 

Violet ppt. 

Dull red. 

Violet ppt. 

Goes Bluer with 
stannous chlor- 
ide in hydro- 
chloric acid. 

Violet powder, 
blue solu- 
tion. 

Violet. 

Blue ppt. 

Red. 

Blue ppt, 
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8. INDAMINES AND mDOPHENOLS. 

By the* simultaneous oxidation of i molecule of a monamine with i 
of a /^-diamine containing at least i primary amino-group, substances 
are produced known as indamines. The simplest indamine resulting 
from the oxidation of a mixture of /^-phenylenediamine and aniline 
must, as free base, possess the constitution 


Its salts are greenish-blue and soluble in water, it is unstable toward 
an excess of acid, yielding quinone, and on heating with an aqueous 
solution of an aniline salt, phenosafranine is produced. 

The indamine obtained by the oxidation of dimethyl-^-phenylene- 
diamine and dimethylaniline, known only as quinonoid ammonium 
salts under the name of Bindschedkt^s Green has no technical import- 
ance, being easily decomposed by excess of acids and alkalies. 

The simplest indamine yields ^-diamino-diphenylamine on reduc- 
tion; Bindschedler’s Green gives the corresponding tetramethyl 
derivative. 

Tolylene Blue (Toluylene Blue) is more stable and may be obtained 
by the action of the hydrochloride of nitrosodimethylaniline on ?«- 
tolylene-diamine or by the simultaneous oxidation of the latter base 
with dimethyl-^-phenylenediamine. Its constitution and conversion 
into the azine dyestuff, Tolylene Red on heating are represented by 
the equation: 




^N(CH,),C1 

+0=H,0 


NH./Y“Y>N(ca,),Ha 


The indophenols differ from the indamines in that they are used 
technically. The chief member of the class is prepared by reducing 
nitfosodimethyl-aniline in aqueous solution to dimethyl-parapheny - 
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enediamine, NH2.C5H^.N(CH3)2, filtering and treating the filtrate 
with a solution of 2 molecules of a-naphthol in sodium hydroxide/ 
Potassium dichromate is next added, and then acetic acid till the liquid 
acquires an acid reaction, when the colouring matter is precipitated. 
Indophenol may also be obtained by the direct action of nitroso- 
dimethylaniline on a-naphthol. 

Indophenol or Naphthol Blue, CigHjoNjO, prepared as above; is 
a feeble base which probably has the constitution expressed by the 
formula: (CHs)2N.C6H4.N' : (i)CioH6(4) : 0 . 

This is borne out by its reduction by stannous acetate to a leuco- 
compoimd possessing both acid and basic properties, and having the 
formula: (CH^) . NH . C . OH. 

Commercial Indophenol N forms a blue paste or dark brown powder, 
which when dry has a coppery reflection and closely resembles some 
varieties of indigo. When heated it sublimes in needles. Indophenol 
is quite insoluble in water, but dissolves in alcohol with a blue colour, 
and in strong sulphuric acid with a dirty yellow-brown colour, the 
solution giving a brown precipitate on dilution. The alcoholic solu- 
tion is turned reddish-brown by hydrochloric acid, but is unchanged 
by alkalies. The alkaline solution, or the solid dye in presence of 
alkali, is decolourised by reducing agents, such as stannous chloride or 
glucose, so that a vat can be prepared from indophenol in the same 
way as from indigo. 

Reduced indophenol, or white indophenol, CigH^gNjO, occurs 
in commerce as a yellowish-white paste, soluble in pure or acidified 
water. It is not changed by hydrochloric acid. In presence of an 
alkali and air it gradually oxidises to blue indophenol, or immediately 
on cautious treatment with potassium dichromate or a hypochlorite. 

Indophenol is employed as a substitute for indigo in wool and cotton 
dyeing. It forms a lake with chromic oxide. On the fibre it is best 
recognized by being turned greyish-brown or dark grey by treatment 
with somewhat dilute (10%) hydrochloric acid, while indigo and other 
dark blue dyes are unaffected. 

Indophenol may be applied as an ingrain colour by impregnating 
the material with a mixture of the diamine and phenol, and subse- 
quently developing the colour by oxidation with potassium dichromate 
or bleaching powder. The colours obtained with indophenol are very 
fast to soap and light, but being very sensitive toward acids, prevents 
the substitution of indophenol for indigo. 
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Aniline Black. — By the oxidation of aniline under suitable con- 
ditions a very stable black co!ourmg’’matter is formed. The most 
perfect black is )delded by pure aniline boiling at 182°. 

Although the constitution of aniline black cannot be safely regarded 
as quite settled, Willstatter^s recent work points to its being a compli- 
cated indamine and for that reason it will be considered under the same 
heading as indamines and indophenols. 

The oxidation of aniline to aniline black may be effected by potas- 
sium dichromate, permanganate, or chlorate, and by various other 
oxidising agents. In practice, a readily changeable metallic salt is 
employed as a carrier of oxygen, a very suitable combination being a 
chlorate (preferably that of sodium) and cupric sulphate: Ammo- 
nium vanadate now receives an application in the production of aniline 
black, as it is readily reduced to vanadium chloride, and this is ftnme- 
diately reoxidised to a vanadate by the chlorate simultaneously em- 
ployed. I part of vanadium will do the work of 4,000 of copper, and 
suffice for the production of from 10,000 to 20,000 parts of aniline 
black. Electrolytic oxygen may also be employed for producing 
aniline black. 

To produce aniline black in a pure state, 40 parts of aniline hydro- 
chloride, 40 of cupric sulphate, 20 of potassium chlorate, and 16 parts 
of ammonium chloride should be dissolved in 500 parts of water, and 
the solution heated to about 60®. The black precipitate formed may 
be purified, if desired, by boiling it successively with hydrochloric add, 
alcohol, ether, benzene, and chloroform. The product is the hydro- 
chloride of a base called nigraniline, which may be obtained in a free 
state by treating the colouring matter with a dilute alkali. 

Nigraniline has often been regarded as having the empirical formula 
CjHjN; its molecular formula was regarded by Nietzki as CjqHjsNj. 
According to Liechti and Suida, however, aniline black is a chlorinated 
base called emeraldine, containing CigHi^ClNg, all the salts of which 
contain chlorine, which cannot be removed even by treatment with 
argentic oxide. Aniline black is turned dark green by sulphurous 
acid, and other mineral adds also affect it; but if it be treated with an 
add solution of potassium dichromate the black* colour becomes per- 
manent, and is no longer affected by treatment with adds or reducing 
agents. According to Liechti and Suida, this unalterable black is not 
a chromate of the base, but the compound of an oxidation-product 
with chromic oxide (CrjO,). 
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By treatment with tin and hydrochloric acid, aniline black is reduced 
to paradiaminobenzene, paradiamino-diphenylamine, and other 
products. 

Powerful oxidising agents, such as chromic acid mixture, convert 
aniline black into quinone, C6H4O2. 

Aniline black dissolves in strong sulphuric acid to form sulphonic 
acids, which are insoluble in acidified water, and are, therefore, 
precipitated X)n adding water to the solution. On protracted washing 
with water the precipitate dissolves with green colour. The alkali- 
metal compounds of sulphonated aniline black dissolve in water with 
blue-black colour. The solutions are decolourised by reducing agents 
{e. g.f zinc-powder, glucose), but recover their original tint on ex- 
posure to air. The fact is employed for the preparation of an 
aniline-black vat. 

Aniline black differs remarkably from most other aniline colours 
in that it is wholly insoluble in water, alcohol, acids, soap-lye, and 
alkaline solutions. Hence the application of ready-formed aniline 
black is vqry limited, and it is usually produced in the fibre itself. 
It yields an extremely fast and pure black on cotton, but it is not well 
suited for dyeing silk or wool. Its chief application is in the dyeing 
of cotton hosiery where its great fastness and permanence render it 
an espedaily desirable dye. Many precautions, however, must be 
employed in the proper dyeing of it, as it is a process which is very 
liable to tender the fibre, owing to the add fumes liberated in the 
oxidation of the dyestuff. 

On the fibre, aniline-black is easily recognised by its resistance to 
reagents/ being unchanged by alkalies, and either wholly unchanged 
by acids or turned slightly greenish, the black colour being restored 
by alkalies. Weak oxididng agents have no effect, but if the fibre be 
treated alternately with strong solutions of potassium permanganate 
and oxalic add, several times in succession, the colour will be destroyed. 
Hypochlorites change the colour to brownish-red, but if the fibre thus 
treated be washed and exposed to the air, it slowly becomes black again. 
The constitution of aniline black has recendy aroused considerable 
interest and A. G. Green (yil InUmatianal Congress of Applied 
Chemistry, London, 1909; J. Soc. Dyers, 1909, 25i 188) proposed the 


as Ictwood bia^ leave on ignition an ash containing iron or chromium 

aciH "KwWer and toiinm bUcks. These btaclcB are reddened by dilute hydrochloric 
* ana are readily bleached by bromine water or hypochlorites. 
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j 

Com- 

mercial 

name 

1 Formula 

! 

Remarks 

Aniline 
Black in 
paste. 

! CsHs .CiH< . N;CiH<:N .C«H4 .NrCsHii- 

N.C8H4.N;C8H4;NH 

! 

By oxidation of 
aniline, usually 
in presCTce of a 
catalytic agent. 

Clayton 
Fast 
Blacks. 
Clayton 
Fast Greys 


By action of ni- 
trosophenol, etc. 
on thiosulphuric 
acid in acid solu- 
tion, 


Durophe- 

nine 

Brown. 


By heating ni- 
trosophenol with 
dilute sulphuric 
acid. 


Indochro- 
mogen S. 

f (3)0H 

r(i).N(i)C,oH4 (4^0 

CiHi (a)S.SOjNa {ylSOiNa. 

[ (4)N(C2H»U) 

From ita-Naph- 
tha-quijionc -4 :fi- 
disulphonic acid 
and diethyl- p- 
1 phenylene- dia- 
mine t h i 0 s u 1 - 
phonic acid. 

Indo- 

pbenoL 

1 

(CH»)*N(i) .C«H4(4) .N:(i)C4oH4(4);0 i 

Oxidation of di- 
methyl-^-pheny- 
lene diamine 
with a-napbthol. 

Indophenol 
white 
{Leu coin- 
dophenoL) 

(CHi)iN(i) .CiHiCe) .NH .(i)CiiHiC4) .OH 

By reduction of 
indophenol. 

New Grey. 
Nigrisine. 
Methylene 
Grey. 

NewMethy- 
lene Grey. 
Direct 
Grey, etc. 


By boiling solu- 
tion of nitroso- 
dimeth^-aniline 
hydfocnlonde. 


iffsol D. P, 


Produced on fibre 
by oxidation ot 
/phenylcne- 
diamine 

DD. 




— — 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid j 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

■ On dilution 
with Water 

1 

Paste, but 
generally de- 
veloped on 
the fibre. 





By stannous 
chloride in hy- 
drochloric acid; 
greener. 



solution. 

black. 

Black powder. 
Insoluble in 
water, easily 
soluble in 
sodium sul- 
phide. 

No ppt. 

Black ppt. 

Black 

solution. 

Black ppt. 

Dye cotton grey 
Of black from a 
; sodium sulphide 
bath. 

Black powder. 
Soluble in al- 
kalies and al- 
kaline sul- 
phides. In- 
soluble in 
water. 

No ppt. 

Blackish- 
brown ppt. 

Violet - 
black 
solution. 

Dark brown 
ppt. 

Dyes cotton deep 
brown from a 
sodium sulphide 
bath. 

Blue powder, 
reddish - vio - 
let solution. 

Dirty violet. 
Blue on boil- 
ing. 

- Yellowish' 
brown. j 

1 

i 

Greenish - 
yellow. 

Yellowish - 
brown. 

The blue colour 
on boiling is due 
to the formation 
of Indochromine 
T (^Brilbant Ali- 
zanne Blue G, 
R). Indochro- 
mogen is printed 
with chrome 
mordant and 
steamed. 

Blue paste or 
dark brown 
powder with 
coppery lus- 
tre. Insolu- 
ble in water. 

Insoluble in 
aqueous al- 
kalies. Alco- 
holic solu- 
tion un- 
changed. 

Alcoholic so - 1 
lution turned 
reddish- 
brown. 1 

Yellow- 
brown so- 
lution. 

Brown ppt. 

1 

Sublimes in 
needles on heat- 
ing. On fibre 
hydr 0 c h 1 0 r i c 
acid (io%)gives 
greyish-b r 0 w n 
or dark grey. 
{Indigo in un- 
affected.) 

Yellowish- 
white paste., 

Alkaline so- , 
lution oxi- 
dised on ex- 1 
posure to air. 
Indopbenol < 
precipitated. 

Unchanged. 




Greyish- 
black pow- 
der, reddish- 
grey solu- 
tlQtl. 

Grey-black 
ppt. of base. 

Grey -blue. 

Greenish. 

Reddish- 

grey. 

: 
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following constitutional formulae for the stages in the formation of 
aniline black; 



Emeraldipe Nigraniliao 

(Ci,H„N,) (C„H,,N,C1) 

/NH C,H,^ 


C.H/ C.H..N.C 1 


•NH- 


Ungreenabl« black. 

(C,.H.,N,a) 


R Willstatter (Ber., 1909, 42, 2147, 4118) states that aniline black is 
derived from a leuco-base, or constitutionally 

By oxidation either 3 or 4 of the benzene nuclei can become quinonoid, 
the last stage of the oxidation being 

C,H5.N;CeH,:N.C,H,.N:C,H,:N.C,H*.N:C,H,:N.C,H,.N:C,H,:NH 

In either case the :NH group may be hydrolysed and replaced by : 0 ; 
for the reactions of these different forms of aniline black, reference may 
be made to Willstatter and Dorogi (Loc. cU.j 4122). 

Another view of the constitution of aniline black is due to Bucherer 
(Ber.f 1909, 42^ 2931) who regards it as a composite azine. (See 
further Green and Woodhead, Trans., 1910, 97, 2388.) 

Indochromogen S is an indophenol produced by the condensation 
of i:2-naphthaquinone-4:6-disulphonic acid with diethyl-^-phenylene- 
diamine-thiosul phonic acid which furnishes Indochromine 
{Brilliant Alizarine Blue) a thiazine dyestuff. Indochromogen S is a 
blue powder giving a reddish-violet solution; it is printed with a chrome 
mordant and steamed, whereby the resulting indochromine is fixed on 
the fibre. 


9. AZINE DYESTUFFS. 

As the pyronine, fluorescein and acridine dyestuffs differ from those 
of the di- and tri-phenylmethane series by the linking up of 2 of the 
benzene nuclei by a bridge oxygen or nitrogen atom to give a pyrone- 
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or pyridine-ring, so the introduction of nitrogen, oxygen or sulphur into 
the indamines and indophenols gives rise to azine, oxazine or thiazine 
derivatives. J usl as leuco-indamines are amino-derivatives of diphenyl- 
amine, so the leuco-compounds obtained from azine, oxazine and 
thiazine dyestuffs may be considered as derived from dihydrophenazine, 
phenoxazine and thio-diphenylamine respectively. The relationships 
of these compounds to diphenylamine are rendered evident by the 
following formulae: 



Diphenylamine. Dihydrophenazine. Oxazine. Thiodiphenylamtne. 

Since the oxidation of a ^^-diamino-diphenylamine salt can only result 
in the production of a ^-quinonoid indamine 


NH 



it seems but natural to assign a corresponding quinonoid structure to 
phenosaf ranine, representing the oxidation of its leuco-compound by 
the equation 






3i8 dyestuffs of groups 6 to 12. 

Phenosafranine salts are, however, derived from a powerful base, and 
quaternary ammonium salts still remain when the amino-groups are 
acetylated or even removed, so that phenylphenazomum chloride and 
diacetylsafranine chloride having to be represented by formulae I and 
II respectively, the possibility of phenosafranine as chloride possessing 
structure III must be taken into account. 



CHXO.NH 



NH.COCH, 


/\ 

Cl CeHj 

IL Diacetylsafranine. 


N 


N 


Cl C,H. 

III. Phenosafranine. 


A. G. Green {Pros. Ckem. Soc., 1892, 8, 195; 1896, 12, 226; Rev. 
Gen. Mat. Col., 1897 i, 269) has strongly advocated an ortho-quinonoid 
formula for the azines, examines and thiamines on the ground of the 
ready reoxidisability of their leuco-compounds. Kehnnann (Ber.y 
1899, 32, 2601). also looks on the dyestuffs of these 3 series as being 
ortho-quinonoid in structure and strictly analogous, formulating 
Capri Blue and Methylene Blue as oxonium and sulphonium salts 
respectively. 


Cl 

6 

N 

Capri hlue. Uethyleoe blue. 
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Many chemists, however, still regard these substances as possessing 
a paraquinonoid structure and as ammonium salts. (See especially 
Hantzsch, Ber., 1905, 38, 2146; 1906, 39, 153, 1365.) 

Green {Ber., 1899, 32, 3155) while in favour of similar ortho-quino- 
noid fonnute for the 3 classes of dyestuffs represents them as ammo- 
nium salts in one or other of the following ways: 



R 

Azine. Oxazioe. Thiazine. 


In the description given of the different dyestuffs, formulae will be 
employed according to convenience and without prejudice; the same 
remarks apply to the oiazine and thiazine series. 

The dyestuffs containing azine rings may be divided into 2 classes 
according to whether the nitrogen atoms of the ring are united to 
alkyl or aryl groups or merely to hydrogen. The eurhodines in which 
these ajpfayl groups are wanting, are far weaker bases, their salts being 
readily hydrolysed; while in the case of aposafranine one encounters 
the salts of a powerful base. The simplest eurhodine can be written 
with either of the tautomeric formulae (I, II or III) : 


N N N 



Now aposafranine chloride (the product obtained from pheno- 
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safranine by the elimination of an amino-group) must be either 
(IV orV) 



and if a free anhydro base could be obtained from it, it would have 
to be written either as VI or VII : 



The marked increase in basicity occasioned by replacing a hydrogen 
atom by phenyl certainly points to the free base of the simplest eurho- 
dine being aminophenazine and aposaf ranine as a quartemary salt of 
amino-phenyl-phenazonium. 

Eurhodines* — ^The eurhodines are usually prepared technically by 
the condensation of nitrosodimethylaniline hydrochloride with w-di- 
amines, the indamine so obtained passing into an azine on warming 
•with simultaneous oxidation.^ Eurhodines are also obtained by the 
action of monamines on ^-amino-azo-compounds at 140° (Otto N. 
Witt) and by the condensation of quinone-dichloro-diimide with 
primary bases. 

ITeutral Violet, Cj4Hj4N4,HCl, is produced by the action of 
nitroso-dimethylaniline on w-phenylenediamine. The commercial 
colouring matter is a greenish-black powder, the dust of which is 
intensely irritating to the mucous membrane. It dissolves easily in 

> See under Tolylene Blue for its conversion to Tolylene Red, 
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water with violet-red colour. The solution is scarcely changed by 
a little hydrochloric acid, but is turned blue by excess. Sodium 
hydroxide produces a brown precipitate. In concentrated sulphuric 
acid the dye dissolves with a green (or, according to Zetter, a dirty 
violet) colour, which on adding water becomes blue, and on further 
dilution violet 

Neutral Red or Tolylene Red, is homologous 

with the last colour. It forms a greenish-black powder easily soluble 
in water with a bluish-red colour, which turns bluer and then disap- 
pears oil warming with zinc and hydrochloric acid, but returns on 
exposing the reduced solution to the air. In alcohol the dye dissolves 
to a magenta-red solution, which exhibits a strong brownish- red 
Suorescence. With hydrochloric acid the aqueous solution becomes 
bluer, and with excess, pure blue. With sodium hydroxide it yields 
a yellowish-brown precipitate, soluble in ether with greenish-yellow 
fluorescence. In strong sulphuric acid, tolylene red dissolves with a 
bluish-green colour, changing to blue and magenta-red on adding 
rcater. 

The eurhodols in which the amino-groups of the eurho dines are 
replaced by hydroxyl are of no particular interest from a technical 
point of view; they exhibit tautomerism giving a mixture of M- and 0- 
alkyl ethers on alkylation. (Kehrmann and Messinger, Ber.^ 1891, 
24, 2167.) 

Safranines. — Considerable confusion has arisen as to the relation- 
ships existing between the group of dyestuffs knowm as safranines and 
the large group of indulines, substances produced by heating azo- 
compounds with primary bases. It will probably be as well to restrict 
the name of safranines to compounds such as 



Cl CjHj (R«H or alkyl.) 

its homologues and analogous compounds in which i or more 
benzene nuclei may be replaced by naphthalene, etc. The safranines 
are generally met with as red monacid salts; dissolved in concentrated 
sulphuric acid green solutions of triacid salts are produced; addition 
VoL. V.— ai 
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of water to the green solution changes the colour to blue (diacid salt) 
and ultimately red (monacid salt), the monacid salts being remarkably 
stable. Addition of potassium hydroxide to a cold solution of pheno- 
safranine gives a brown precipitate, but if this be filtered off and 
washed with cold water it passes once more into solution with the 
original phenosafranine colour. Heated in sealed tubes with sodium 
acetate solution, safraninone is produced, while several days boiling 
with alcoholic potassium hydroxide gives hydroxyaposafranone. 


N 



Safraninone. Hydroxyaposafranone, 


Since the hydroxyaposafranone produced in this way is identical with 
the compound obtained by Jaubert through condensing ^nitroso- 
phenol with w-hydroxydi phenyl amine (Ber., 1895, 28, 273) no doubt 
can exist as to the symmetry of the 2 amino-groups in phenosafra- 
nine. (Hewitt, Newman, Winmill, Trans, Chem.Soc,^ 1909, gs, 577.) 

The safranines may be obtained: 

(a) By heating indamines with primary monamines, a portion of 
the indamine being simultaneously reduced. 

(b) By oxidising a mixture of ^^-diaminodiphenylamine (or a 
derivative) with a primary base. 

(c) By oxidation of a ^-diamine with i primary amino-group, 
with 2 molecules of monamine. Two different monamines may be 
employed, but it is necessary that one, which need not be primary, 
should have the position para to the amino-group free, while the other, 
which need not have a free para position, must be primary. 

(d) By oxidising a mixture of ?»-amino-diphenylamine or its ana- 
logues with ^-diamines. 

Method (c) is most generally employed technically (preparation of 
saf ranine, fuchsia, etc.), though for the preparation of individual com- 
pounds in a state of purity, methods (a) and (b) have advantages. 

A modification of method (d) is to allow the hydrochloride of a. 
nitroso-dialkylaniline to react with a substituted diamine; this gives the 
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possibility of preparing mixed aliphatic- aromatic safranines in which 
the phenyl of the azonium group is replaced by an aliphatic radical. 
As an instance of this reaction Cassella’s Fast Neutral Violet B may 
be mentioned; it is prepared with the aid of jyw-diethyl-ffj-phenylene- 
diamine. 


ry 


,NOH 


(CH,); 


Cl 


NH 

I 



-h O “2H2O -}■ 


NH.aH. 


NT 



(CH,)2N 

N 


Saf ranine, Saf ranine T, Saf ranine extra G, ' or Aniline Pink. This 
colouring matter, as it occurs in commerce, is a mixture of several 
homologous substances, of which Ci^Hi^N^Cl, CjoH^jNiCl, and 
are the chief. Saf ranine can be obtained by various 
methods, including the oxidation of mauveine, C27H25N4CI; the 
treatment of aniline with glacial acetic acid and lead nitrate; 
and by heating amino- azotoluene with toluidine nitrate. These 
methods are obsolete, that now employed being usually the oxidation 
of a mixture of aniline, 0- toll dine and ^-tolylene-diamine in molecular 
proportions. Aniline oil of suitable composition is first converted into 
the amino-azo-compounds, amino- azobenzene and amino- azotoluene. 
When reduced with zinc and hydrochloric acid, the first of these splits 
into aniline and ^-phenylene- diamine, and the latter into o-toluidine 
and ^'tolylene-diamine; thus; 

CeH,(CH3).N2.C,H3(CH3).NH2 + 2H2=CeH,(CH3).NH2+NH2.- 

C3H3(CH3).NH2. 

When the action is complete the liquid is diluted, a molecular pro- 
portion of toluidine hydrochloride added, and the mixture oxidised by 

'Abo known ns: Safranin$ 5, ScfratUn* GGS^ SafraHitu GOOO^ Safranim FF, Safranine^ 
AG Rod ACT extra. 
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potassium dichromate. The product is boiled with milk of lime, and 
the liquid filtered, neutralised with hydrochloric acid, and saturated 
with salt. The precipitate is purified by solution in water, and again 
salted out. 

Commercial safranine usually occurs as a reddish-brown powder, 
but the pure hydrochloride forms reddish crystals, soluble in water 
and alcohol. The alcoholic solution exhibits a fine yellowish-red 
fluorescence. Alkali hydroxides and ammonia change the colour of 
an aqueous solution of safranine to brownish-red, but no precipitate 
is produced unless the liquid is concentrated. The base is best pre- 
pared by treating a solution of the hydrochloride with argentic oxide, 
filtering, and evaporating the filtrate to dryness. 

Safranine is one of the few colouring matters which are taken up by 
animal fibres from alkaline solutions. In alkaline or neutral solution 
safranine also possesses some affinity for cotton, but the colour produced 
is not fast. The best mordant is tannin and tartar-emetic. 

On the fibre, safranine is distinguished by being unchanged by dilute 
acid, but turned from red to blue-violet by concentrated hydrochloric 
acid. Ammonia and sodium hydroxide remove the colouring matter 
without much previous change of tint. The colour is bleached on 
warming the fibre with hydrochloric acid and stannous chloride. 
Alcohol strips fibres dyed with safranine, forming a red solution which 
exhibits a reddish-yellow fluorescence. 

In dilute acid solution only one of the amino-groups of safranine is 
diazotisable, but both may be diazotised in strong sulphuric acid. 
By the combination of the mo nazo- compound with /?-naphthol, a blue 
dyestuff (known as Indoin^ etc.) is produced which is used in dyeing 
cotton mordanted with tannin. 

Hauveine, C27H24N4, is of interest as being the base of Perkin's 
purple^ Aniline Violet, or Mauve, the first commercial dye obtained 
from aniline. The free base may be obtained from adding alkali 
hydroxide to a boiling alcoholic solution of the crystallised acetate. 
It then separates as a black glistening powder, which is almost insoluble 
in ether or benzene, but in alcohol forms a violet solution, which is 
turned purple an adding a dilute acid, or even by carbonic acid. 
Mauveine is a strong base, decomposing ammonium salts and forming 
a carbonate. 

Commercial mauve is usually a sulphate of the base. It is now 
almost obsolete, but occasionally occurs as a reddish-violet paste? 
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Sparingly soluble in hot water with violet-red colour. The solution is 
not changed by hydrochloric acid, but yields a bluish-violet precipitate 
with sodium hydroxide and dyes silk a reddish-violet. In an excess 
of strong sulphuric acid, mauve dissolves with olive-green colour, chang- 
ing on adding water to green, sky-blue, and finally to reddish-violet. 

Magdala Red, C3(,H2iN4CH-H20, may be taken as the typical 
safranine of the naphthalene series. It is prepared by heating amino- 
azonaphthalene with a-naphthyl amine in acetic acid solution to 150®. 
Magdala Red is characterised by its very sparing solubility in water, 
even when hot, and by forming a cheny-red alcoholic solution, which 
exhibits a fluorescence of a remarkable cinnabar-red colour. This 
behaviour is simulated only by an alkaline solution of azofesorufin; 
but that substance differs from Naphthalene Red in the colour it dyes 
silk, and in yielding a brown precipitate on addition of a strong acid. 
The fluorescence of a solution of Naphthalene Red is destroyed by 
ammonia or sodium hydroxide. It seems to be still occasionally used 
in silk dyeing. 

Naphthyl Violet and Naphthyl Blue are substituted diamino- 
derivatives of phenyldinaphthazonium, while Bdle Blue, obtained by 
the condensation of nitroso-dimethylaniline with diphenyl-2 :7- 
naphtbyienediamine, has a benzene nucleus on one side and a 
naphthalene nucleus on the other side of the azine ring. Its constitu- 
tion is given by 

NH.CeHs 



This dye is used on tannin-mordanted goods. 

Indulines. — These compounds are very similar to the safranines, 
being derivatives of phenazine. They are produced by the action of 
^mino-azo-compounds on the hydrochlorides of aromatic amines 
aniline), ammonia being eliminated. The substances of the 
i^duline class occurring in commerce are dark-blue or violet dyes, less 
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remarkable for their brilliancy than their resistance to light and atmos* 
pheric influences. Their slighter basicity as compared with the 
safranines led to misconception as to their structure: while the isola- 
tion of oxygen-free bases giving sharp results on analysis seems nearly 
an impossibility in the case of the safranines, the elements of acid may 
usually be removed from the indulines with ease. The mechanism of 
the change by which indulines are produced has only been explained 
after long researches, one of the most important earlier steps being the 
recognition by Witt and Thomas (Trans. Chem. Soc.^ 1883, 43, 112; 
Ber.j 1887, 20, 1538) of the intermediate production of azophenine 
(dianilinoquinonedianil) : 




a substance whose constitution was recognised by 0 . Fischer and E. 
Hepp. From the method of preparing the indulines it is but natural 
that a mixture of dyestuffs results. Fischer and Hepp (Zeitsch.f. Farb. 
Text. Ckem.y 1902, i, 457) consider anilinophenosaf ranine, C24HigN5, 
as the primitive member of the series. The salts of this base are red- 
dish violet and are fairly soluble in water. The Induline, C30H23N5, 
is obtained heating aminoazobenzene for a short time with aniline 
hydrochloride or from the hydrochloride of the former base and a 
large excess of aniline at a higher temperature; it may also be obtained 
by heating under pressure an alcoholic solution of azophenine, aniline 
and the hydrochloride of ^-phenylenediamme. The dystuff gives a 
hydrochloride which is easily soluble in water, but is precipitated by 
hydrochloric acid; it is used for cotton printing \mder the name of 
**indamine*’ and probably possesses the constitution 

N N 


C.H3.NH1 





'NHj or 


.N 
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Induliue 3 B is according to Fischer and Hepp phenyt-anilmo- 
mauveincj C3eH27Nfi, while they look upon Induline 6 5 as Itsanilino 
derivative 

The characters and reactions of the various commercial indulines 
are not strictly identical, but do not require separate description. As 
a class, the indulines usually occur as bluish-black or brownish-black 
powders, which are insoluble in water but soluble in alcohol with 
greenish or bluish- violet colour. The alcoholic solution becomes pure 
blue with hydrochloric acid, and on adding sodium hydroxide )delds 
a dirty-red or reddish-violet solution or precipitate, the exact reaction 
depending on the nature of dye under examination, 

Sulphonated Indulines. Soluble Indulines.~By treating the 
indulines with strong sulphuric acid, various sulphonated indulines 
are obtained which are soluble in water. The redder shades are met 
with in commerce under the name of Fast Blue R and Water-soluble 
NigrosinCf and the bluer varieties as Fast Blue B, Fast Blue Greenish ^ 
Induline 3 B or 6 etc. These sulphonated indulines occur as crystal- 
line powders with a bronze reflection (^‘induline”), or as black, glisten- 
ing fragments (“nigrosine”). They dissolve in water with bluish- 
violet, and in alcohol with blue colour. Hydrochloric acid renders 
the solution blue. Alkalies produce a brownish-violet precipitate. 
In sulphuric acid, the sulphonated indulines dissolve with blue colour, 
changing to violet on dilution with water. By oxidation they yield 
quinone and other products, and by reducing agents are converted 
into unstable leuco-derivatives. 

Soluble indulines are used for the preparation of coloured inks, and 
both the soluble and insoluble in the preparation of spirit- varnishes. 
They are very fast dyes, and are employed for producing grey, bluish, 
and blue-Wack shades on wool, silk, leather, etc., and are used as 
indigo-substitutes. In commerce they are met with under a variety of 
names, including, besides those already mentioned, Blackley Blue, 
Guernsey Blue, Indigo-substitute, Bmgaline, Coupier's Blue, Acetin Blue, 
Pelican Blue, Indigen D, F, Sloeline, BS, Azine Blue, Indophenin 
Fxlra, Soluble Blue CB, Printing Blue, Printing Blue H, R, B, Bengal 
P^ue, Fast Blue KR, etc. 
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Com- 

mercial 

name 

Formula 

Remarks 

Acetine 

Blue. 

Lsevtiline 

Blue. 

Printing 

Blue. 


Solution of indu- 
Unes in acetins. 
{acetic esters of 
glycerol). 


Amethyst 

Violet. 

Iris Violet. 

(C*H»)*N(4)CeH. { } C*Hi(4):N{CiH»)2C1 

isH* 



Azindone 
Blue G. 

By heating CHj[C«H<.N: N.C«H 4 .NH!]j for an induline melt 
and then rendering water soluble with p-phenylenedi- 
amine. 



Azindone 
Blue R. 

1 i 



Azine 

Green, 

G B, T 0. 

C(H,NH(6)CioHs { ] CeH,( 4 ):N(CHj),Cl 

iuj 



Azine Green 
S. 

Sodium salt of sulphonated azine green. 



Azine Scar- 
let G. 1 

nhIS c<hK4):N(ch.)k;i 

CHj 



Azocannine 

B. 

Rosindu- 
line zB. 

Disulphonic acid of phenylrosinduline ; trisulphonic acid of 
phenylrosinduline as RosinduUne zB, blui^. j 



Azocar- 
mine G. 
Rosazin. 

C 8 :Hi 7 NjS 204 Na 2 "The sodium salt of disulphonic acid of 
phenyl rosinduline. 

C«H4{|*[]};Q}c,oHi(4):N.C4H* 

i«Hs 



Basle Blue 
R, BB. 

CIh.C«H4.NH(7)CuH» I [jSnSI!’ }c 4H2:(4)N(CH,)2CI 
(ieHiCHi 

Action of nitfo- 
sodimethyl* 
aniline on 3 : 7 * 
ditolyl (or di* 
phenyl) naph- 
thyl ene - di- 
amine. 

Basle Blue 
S. 


By Bulp^natif'^ 

of Bftgle Blue arid 
conversion into 
sodium salt. 


Brilliant 

Induline 

(Kalle). 

Sulphonic acids of an induline. 
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Character of 
dyestufE 

Reaction of^ aqueous | 

' solution 1 

Reaction of dye with 
sulphuric acid 

Other clmrac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with Water 


1 





Grey powder, 
violet solu- 
tion. 

No change- 

Blue. 

Green. 

Blue then 
violet. 


Violet powder, 
blue solution. 

Violet ppt. 

Redder. | 

Green. 

Violet. 


Brown pow-, 
der, violet 
solution. 

Violet ppt. 

Redder, 

Green. 

Violet. 


Green powder, 
green so lu-, 
tion. 

Green ppt. 

Green ppt. 

Brown. 

Green. 


Black powder,! 
bluish - green 
solution. 

No change. 

No change. 

Violet. 1 Green. 


Brown pow- 
der, red 
solution. 

No change. 

Red or 
with excess 
of acid: 
blue. 

Blue 'green. 

Violet 
to red. 


Brown pow- 
der, violet 
solution. 

No change. 

Brown ppt. 

green. j 

1 

Wool dye. 

Red paste. 

metalic lustre. 

bluish-red 

solution, 

difficultly 

soluble. 

No change. 

Red ppt. 

* 

Green- 

Red ppt. 

Wool dye. 

Brown pow- 
der. violeti 
solution. 1 


Blue ppt. 

Broivn. 

VioleJ ppt. 

Brighter with 
stannous chlor- 
ide and hydro- 
chloric acid. 

Coppery, pow- 
der, blue 1 
solution. 



Yellow. 



blue 
powder, 
soluble in 
water. 


Colour 

weaker. 

Reddish- 
blue solution. 


For silk, wool, 
leather and dress- 
ings. 
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Past Blue 

R. 


Sodium salts of sulpbonic acids of indulines. 


Fast Neu- 
tral Vio- 
let B. 


CiHsNH.CjHjj ^ I C«Hj:N(CH»)iCI 


From nitroso-di- 
methyla n i H n e 
and diethyl-wl- 
phenylene di- 
amine. 
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Character of 
dyestuff 

Reaction of aqueous 
solution • 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Bronze pow- 
der, violet 
solution. 

Violet ppt. 

Bluer. 

Blue. 

Violet. 


Bronze pow- 
der, violet 
solution. 

No change. 


Grey. 

Violet. 



Orange pow- 
der, orange 
solution. 

Vellow ppt. 

No change. 

Violet. 

Yellow. 


Brown paste or 
grey-green 
powder, 
iucbsine-red 
solution. 

Red ppt. 
soluble in 
water. 

Blue if a 
' large e.xcess. 

Green, 

Blue then 
red. 

Dyes cotton (tan- 
uined) reddish- 
violet. 

Gray powder, 
blue solution. 

Ppt. 

No change. 

Green. 

Bluer. 

Soluble in alcohol. 

Red powder, 
blue solution. 

Ppt. 

No change. 

Green. 

j 

Turbid. 

Soluble in alcohol. 

Brown pow- 
der, blue 
solution, ! 

Redder, 

No change. 

Green. 

Violet. 

^Soluble in alcohol. 

Grey powder, 
violet solu- 
tion. 

Violet ppt. 

No change, i 

Green. 

Red. 

Soluble in alcohol. 

Green powder, 
magenta -red 
solution. 

Red ppt. 

No change. 

Green. 1 

Red. 

Soluble in alcohoL 



Bright blue 
with concen- 
trated acid. 

Bright blue. 


On the fibre turn- 
ed darker by con- 
centrated sulphu- 
ric and hydro- 
chloric acids, a 
dull green by nu- 
tric acid (sp, gr. 
1.40) and purple 
by sodium hydro- 
xide (10%). 




powder, 
blue solution. 

Violet ppt. 

Bluer. 

Black. 1 Violet. 

Soluble in alcohol. 

Brown pow- 
Jer, violet 
solution. 

Violet ppt. 

Blue. 

Bluish-green 

V'^iolet. 

Soluble in alcohol. 

Brown pow- 
der, blue io- 
lution. 

Redder. 

Greener. 

Green. 

Blue, 

Soluble in alco- 
hol. 
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Com- 

mercial 

name 

Formula 

Remarks 

Indamine 
Blue NB 
extra. 





Indamine 
Blue WG. 





Indamine 
Blue NR. 





Xndazine M. 

C»Hi.NH.C«Hi j C«Hi:N(CH,),Cl 

CeHi 

By the action of 
nitroso - dimeth- 
ylaniline on 
dipheny]-m- 
pbenylene- di- 
amine. 

Indoine 

BlueR. 


By diazotisation 
of safranine and 
coupling with 
naphthol. 


Indidine. 

Induline 3B CicHmNi. 

Induline 6B C12H12N1, 

By heating ami- 
noazo-ben sene 
^ with aniline 
: and its hydro- 
chloride. 

Induline 

Black 

(Kalle). 

Sulphonic adds of indulines. 



Induline 

Scarlet. 

CHaCsHi ( } CioHi;(4)NHiCl 



Magdala 

Red. 

Naphtha- 
lene Red. 

NH*.(4)C.oH. { jjj } CioH*:(4)NH2CI 

dioHr 

From amino-aro- 
naphtbalene and 
a-naphthyl- 
amine. 

Mauve 

Mauveine. 

C.HfcNH( 4 )C«Hi 1 }j5:N:JiS} C*Hi:NH,C 1 . 

Lhi 

By oxidation d 
aniline. Perkin's 
“mauveine" was 
probably ® 
nigher h 0 m 0- 
logue, Cj7H2<N<. 

Metapheny- 
lene Blue 
B. 

CjH 7 .NH.C.Hi J C*Hi:N(CHi)*C 1 

i 7 HT 

By action 
troso - dimethyl- 
aniline on d i- 
tolyl-m-pheny- 
lene diamine. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphiiric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochlonc 
acid 

With 1 

cone. ' 

acid j 

On (hlution 
with water 

Coppery pow- 
der, blue so- 
lution. 

Blue ppt. 

No change. 

Green, 

Blue. 

Soluble in alco- 
hol. 

Red powder, 
blue solution 

Redder. 

Darker, i 

j 

Green. 

Blue. 

Soluble in alco- 
hol. 

Grey powder, 
blue solution. 

Violet, 

No change, ! 

Green. 

Purple. 

Soluble in alco- 
hol. 

Bluish-red 

dyestuff. 

Redder. 

Blue. 

Green. 

Blue then 
violet.' 



Pink. 


Green. ! 

I 


Greener with 

stannous chlor- 
ide in h y d r o- 
chloric acid. 


1 





The higher in- 
dulines give in- 
soluble salts 
with acids, hence 
they are gener- 
ally sulphon- 
ated, or &se dis- 
solved in acetin 
and used for 
printing. 

i 

1 


i 



Dark blue 
powder, solu- 
ble in water. j 

Dull claret. 

Colour much 
weaker. 

i Reddish- blue. 


For silk, wool, 
leather and 
dressings. 

Red powder, 
red solution. 

Violet ppt. 


Red. 

Green to Red. 

Soluble in alco- 
hol. 

Brown pow- 
der, red so- 
lution in hot 
water. 

Violet ppt. 

Blue. 

Violet. 

Red ppt. 

Soluble in alco- 
hol with red 
fluorescence. 

^d solution 
in hot water. 
Moreea sil y 
soluble in al- 
cohol. 

Violet ppt. 

No chanm 
with fairly 
dilute acid. 

Green. 

V'iolet after 
passing 
through 
blue. 


Dark powder, 
violet solu- 
tion. 

Violet ppt. 

Bluer. 

1 

Grey. 

Blue. 

Soluble in alco- 
hol, Dyestuff 

for wool. With 
nitric acid (sp. 
gr. 1.40); dull 
green. 
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Com- 

mercial 

jiame 

Fromula 

Remarks 

Methyleoe 
Violet 
RRA.sRA. 
F uchsia. 
(Dimethyl 
phenos^' 
ranine.) 

NHi.CsHaj;^;} C«Hj:N(CH,)K:] 

By oxidation of 
I molecule dim- 
ethyl-p - phenyl- 
ene-diamine 
with 2 molecules 
of aniline. 

Milling 

Blue. 

C6HsNH(4).CioHs I } CiDH4(4);NH(C«Hi)CI 


Naphtha- 
zine Blue 

CioH,NH(4)C.Hj{ }CeH,(4):N(CH,)K:i 

CioHi 

By action of ni- 
trosodimethyl- 
aniline on di- 
naphthyl - w - 
phenylene - di- 
amine. 

Naphthyl 

Blue. 

Sulphonated derivative of 

CeHfcNH.CiuHj J CieH»:N.OHj 

C»Hi 

By heating Ben- 
zeneazo - phenyl 
a - n a p h t h y 1- 
amine with 
phenol. 

Naphthyl j 



Naphthyl 

Violet. 

CiHi.NH.CioHi { } CiiHjrNHiCI 

Produced, with 
naphthyl blue, 
by heating nitro- 
so - ^ - naphthyl- 
amine with a- 
naphthylamine 
and aniline. 

Neutral 

Blue. 

1 

CioHi { C*Hi(4):N(CH,):C1 


Neutral 

Red. 

Tolylene 


By oxidation of 
dimethyl - f / 
phenylene - di- 
amine with w- 
tolylene di- 
amine. 

Neutral 

Violet. 

NH,U)C.H, { C,H,(4)N(CH,), 

From « - ijheny!- 

ene-diamine ana 

dimethyl - P ' 
phenylene - di- 
amine. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Dark powder, 
violet solu- 
tion, usually 
double salt 
with ZnClz, 

Brown ppt. 

Bluer. 

Green. 

Violet. 

Soluble in alco- 
hol, Used in 
printing and 
cotton dyeing, 

Bronze pow- 
der, blue so- 
lution. 

Darker. 

Blue ppt. 

Blmsh-green, 

Blue. 


Bronze pow- 
der. blue 
solution. 

Violet ppt. 

No change. 

Bluish-green. 

Reddish blue. 

Wool dyestuff. 
With nitric acid 
(sp. gr, 1.40) 
dark violet with 
stannous chlor- 
ide in hydro- 
chloric acid, a 
duller shade. 


1 


Green. 

1 


Silk dyed with 
Naphthyl Blue 
shows strong 
fluorescence ; ni- 
tric acid {sp. gr. 
1.40), brown- 
red. 


1 












Green. 






Brown pow- 
der, violet 
solution. 


Yellowish- 
green if con- 
centrated. 

Yellowish- 

green. 

Green to 
blue and 
violet. 

Green with stan- 
nous chloride in 
hydr 0 c h 1 0 r i c 

1 acid. 


Red solution. 

yellq,w. 

Blue if acid 
is concen- 
trated. 

Green. 

Blue, then 
rose-red. 

Can be used as 
basic dyestuff on 
cotton mordant- 
ed with tannin, 
but sensitive- 
ness to alkalies 
makes applica- 
tion limited. 

Greenish- 
black pow- 
aer, violet 
solution. 

Brown ppt, 

Blue with 
excess of 
acid. 

Green. 

Blue then 
violet. 
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Com- 

mercial 

name 

Formula 

Remarks 

Safranine B 
Phenosaf- 
ranine. 

nhi(4)c*Hi I } c*Hi(4);NH*a 

CjHj 

By oxidising p. 
phenyle n e - d i - 
amine with ani- 
line. 

Safranine 
MN * 

Clemantine 

Girofle. 

NhIS^) } C<H! { j } C,H.(4):N(CH.)C1 

i<Hi 

From aniline, o- 
toluidi n e and 
d imethy 1- e- 
pheny 1 e n e - d i- 
amine. 

Safranine 

RAE 

(KaUe) 

(Tolus^- 

ranine). 





Spirit lo- 
ci uline 
(KaUe) 

Hydrochlorides of indulines. 



Spirit Ni- 
grosine 
(KaUe) 

Hydrochlorides of indulines. 



Tolylene 
Blue B for 
Cotton. 

?c.HiNH(4)c*Hi 1 } c«Hi { (J)!nhx:Jh,.nh, 

ci 

Action of ^i-toly- 
lene diamine 
on spirit indu- 
line. 

Wool Grey 
B, G and 
R. 


: Action of aniline 

on condensation 
: product of m* 

! troso-dimethyi- 
' aniline with i)- 
naphth nl-suh 
phonic acid S. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with | 
sulphuric acid | 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Crystals, green 
reflex, red 
solution. 

With con- 
centrate 
alkali. 
Brown ppt. 
soluble in 
u-atef. 

Violet Of 
blue. 

Green. 

TTirough 
blue to red. 

Salt of a powerful 
base. Strongly 
resembles or- 
dinary s a f r a- 

Metallic reflex, 
violet solu- 
tion. 

Red ppt. 

Blue. 

Green. | 

1 

Through i 
blue to vio- i 
let. 1 

Soluble in alco- 
hol. 

I 

Dull red pow- 
der. 



Bright yel- 
lowHsh- 
green. 


For tannin mor- 
danted cotton. 




Dark blue 
powder. ln*i 
soluble in wa- 
ter, soluble in 
alcohol. 

Brown,* 

Greener* 

and 

brighter. 

Violet solu- 
tion. 

i 

; For spirit varnish. 

j *Trj^ solid (in- 
! soluble in water, 

i 

j 

Dark . blue 
powder. In- 
soluble in 
water, solu- 
ble in alcohol 

Brown,* 

Greener* 

and 

brighter. 

Blue solu- j For spirit varnish. 

tion. 

I *Try solid (in- 
1 j soluble in water. 

Violet powder, 
blue solu- 
tion. 

Brown ppt. 

Precipitate. 

Blue. Ppt, 

! 

i 

i 

1 

Black pow' 
der, easily 
soluble. 

Brown, 

Ppt. 

R. Blue, B. 
and G yel- 
lowish- 

Ppt. 
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On the fibre, the indulines are turned somewhat bluer by hydro- 
chloric acid, but nitric acid is almost without action (distinction from 
indigo). Ammonia and sodium hydroxide strip the fibre, forming 
reddish-violet solutions, which are decolourised by zinc powder, but 
the colour returns on filtering and exposing the liquid to the air. An 
acid solution of stannous chloride strips the fibre, and forms a green 
solution. Hypochlorites bleach some indulines, and turn others 
reddish-grey. The indulines are frequently applied in printing mixed 
with tannin and acetins (glycerol acetic esters). On steaming, the 
acetin dissolves the dyestuff, a tannin lake is produced, and the ester 
thenkundergoes hydrolysis into glycerol and acetic acid. As the latter 
volatilises, an insoluble lake is formed on the fibre. 

Rosindulines and Rosindones.— -The name rosinduline has been 
applied to the azine of the constitution 


/N(i). 

c,h/ >C,,H,.(4).NH, 

/\ 

Cl 


which is obtained by heating benzeneazo-oc-naphthylamine with aniline 
and alcohol to 170°; its constitution is evident, seeing that it may be 
synthesised by the condensation of hydroxynaphthaquinone-imide and 
o-aminodiphenylamine (Kehnnann and Messinger, Ber., 1891, 24, 
584, 2167). The rosinduline used in dyeing is a disulphonic deriva- 
tive. Phenyl rosinduline, in which one of the hydrogen atoms of the 
amino group is replaced by phenyl, melts at 235®; its disulphonic acid 
is known as “Azocarmine^’ and the trisulphonic acid as Rosinduline 
2B. 


Rosindone, ^^ioH5:0, stands in the same rela- 

tionship to rosinduline that aposafranone does to aposaf ranine; a 
sulphonic acid is technically employed under the name Rosinduline. 


10. OXAZmSS AKD THlAZmSS. 

The oxazines are characterised by possessing a 6 -membered nng 
consisting of 4 carbon atoms and a nitrogen and oxygen which 
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relatively occupy the para-position to one another. The oxazines 
are quinonoid in type; until recent years they were looked on as being 
paraquinonoid, although, as previously mentioned, Green brought 
forward arguments in favour of an ortho-quinonoid formulation some 
years ago. 

F. Kehrmann (Annalen, 1902, 322, 1-77, Ber., 1905, 38, 2577; 1906, 
39, 914; 1907, 40, 613, 2071) has vigorously defended the view that 
the compounds of this series are to be looked on as oxonium rather 
than ammonium salts, while Hantzsch (Ber., 1905, 38, 2146; 1906, 
39, 153, 1365) is firmly convinced of their ammonium nature. 

The oxazines are usually prepared by the action of nitrosodimethyl- 
aniline and analogous compounds on phenols. Capri Blue, one of the 
simplest members of the series, is obtained from nitrosodimethylaniline 
hydrochloride and dimethyl-w-amino-cresol. 



Meldola prepared the first member of the series by the action of 
nitroso-dimethylaniline hydrochloride on /?-naphthol. 

Meldola’s Blue, or New Blue (Cassella),' CtgHi^NjOCl, occurs 
in commerce as a dark violet powder with bronze reflection. The dust 
strongly irritates the mucous membrane. In water it is soluble with 
bluish -violet colour; in alcohol with blue colour. The violet aqueous 
solution becomes at first green and then colourless when reduced by 
zinc and acetic acid, the original colour returning on exposure to air. 
The solution is turned blue by hydrochloric add, and with sodium 
hydroxide yields a brown predpitate.**— In strong sulphuric add the 
dye dissolves with a blackish-green colour, becomes first blue and 
then violet on dilution. Naphthylene Blue dyes cotton mordanted 
with tannin and tartar-emetic an indigo-blue colour. 


‘Also knoiira as; Ntw Blut R, 

RfarCrfion, Cotton 

^ 5 ^ 1 ,- Phon:Am» elM4, Blit* Nouvtau P, Fast Bln* III 


RandD. 

‘If this 


. ‘ W this pnciplteta is diawliwJ in sulphuric acid a group dyestuflfe called Cyanimtdts 
‘S Obtained, 'They aia colouring matters of a purple greentsh-blue diade. 
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Muscarin, or Campanulin, CigHijNjOjCl, introduced by Durand 
and Huguenin, occurs in commerce as a brown- violet powder^ sparingly 
soluble in cold but readily in hot water, with bluish-violet colour. The 
solution is decolourised by beating with zinc-dust, but the colour returns 
on exposure to air. Hydrochloric acid produces a bluish -violet and 
soda a yellowish -brown precipitate. Tannin precipitates the solution 
with an indigo-blue colour. In concentrated sulphuric acid Muscarin 
dissolves with a bluish-green colour, the solution turning first blue and 
then violet on adding water, and on further dilution giving a violet 
precipitate. 

Nile Blue A is produced by the action of a-naphthylamine on the 
hydrochloride of nitroso-dimethyl-w-amino-phenol. It occurs in 
commerce both as the chloride ^ the formula of which has already been 
given, and as a sulphate of the composition (Ci8Hj*N30)3S04. The 
sulphate forms a green crystalline powder with bronze reflection. It is 
sparingly soluble in cold water, but readily in warm, with a blue colour. 
It is also soluble in alcohol. The warm concentrated aqueous solution 
yields with hydrochloric acid needles of the chloride, which appear 
violet by transmitted and green by reflected light. Addition of sodium 
hydroxide to the dilute solution (r : looo) produces a red precipitate, 
soluble in ether to a brown-orange solution, with dark green fluores- 
cence. Tannin in presence of sodium acetate gives a prussian-blue 
precipitate, and stannous chloride a dark greenish-blue precipitate, 
and on warming the liquid exhibits a green fluorescence, with blue 
transmitted light. In concentrated sulphuric acid, the dye dissolves 
with a yellow or red-brown colour, changing to green and blue on dilu- 
tion. Wool is dyed directly by Nile Blue, a red shade of blue, and cot- 
ton mordanted with tannin and tartar-emetic is dyed blue. The 
colour is not fast to light, and is liable to bleed when milled with soap, 
but not with sodium hydroxide. 

Metamine Blue B and G {New Blue B and G, Fast Blue 2B for 
Cotton^ Fast Cotton Blue B, Fast Marine Blue GM, and Naphthol Blue B), 
is a dyestuff similar to Meldola’s Blue, from which it is produced by 
condensation with dimethyl-/>-phenylenediamine. It is dyed on cotton 
mordanted with tannin and tartar emetic. 

Capri Blue has been already mentioned. It occurs in green crystals 
of the zinc chloride double salt; these are soluble in water with a blue 
colour. The addition of sodium hydroxide yields a blue precipitate 
which gives a red solution in ether, possessing a red fluorescence. 
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Dissolved in concentrated sulphuric acid the solution exhibits a dichroic 
effect; in thin layers it appears green, in thick layers red, while by 
transmitted gas light it appears crimson. It dyes cotton a greenish- 
blue on a mordant of tannin and tartar emetic, the shade being quite 
fast to light, soap, acids, and alkalies. It is also dyed on silk, giving a 
beautiful sea-green shade in artificial light. 

Oxazones. — Corresponding to the oxazines, oxazones are known, 
the simplest being represented by the formula (Kehrmann) 



Resorufin is a hydroxy-derivative of the simplest oxazone, its 
formula is 



Weselsky obtained this compound by the action of nitric acid contain- 
ing nitrous fumes on an ethereal solution of resorcinol; its constitu- 
tion follows from its formation from nitrosophenol or quinone-chloro- 
imide and resorcinol on the one hand, and from nitrosoresorcinol 
and phenol on the other. Further confirmation is afforded by its 
preparation when aminoresorcinol and phenol or />-aminophenol and 
resordnol are oxidised together in sulphuric acid solution by man- 
ganese dioxide. The tetrabromo-derivative has been used technically 
under the name of MuorescetU Blue^ 

Fluorescent Resorcin Blue, or Bleu fluorescent. This dye crystal- 
lises in green lustrous needles, which are but slightly soluble in water 
or strong alcohol, but more readily in proof-spirit. The solutions are 
blue by transmitted and red by reflected light, and give a brown pre- 
cipitate of hexabromresorufin on addition of a strong acid. It readily 
dyes silk in a neutral soap bath, the colour produced being blue, with a 
slight admixture of red and grey, and a characteristic red fluorescence, 
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easily visible in artificial light. It is perfectly fast to light, washing, 
and acids, but ammonia and sodium hydroxide strip the fibre, forming 
blue solutions with strong red fluorescence. Strong hydrochloric acid 
changes the colour of fibres dyed with resorcin blue to brown. 

Lacmoid.— Another blue colouring matter, sometimes called 

Resorcin-Blue,” can be obtained by slowly heating together loo parts 
of resorcinol, $ of sodium nitrite, and 5 of water. At 110° a vigorous 
reaction occurs, ammonia is evolved, and the mixture becomes red; 
when the melt is further heated to ii5'^-i2o° till the evolution of ammo- 
nia ceases, and the colour changes to blue. The mass is then dissolved 
in water and the solution filtered and precipitated by hydrochloric acid. 
The product is a glistening brown powder, which is insoluble in chloro- 
form, benzene, or petroleum spirit, easily soluble in alcohol, wood 
spirit, and amylic alcohol, and less soluble in water and ether. The 
colouring matter was named by its discoverers (Traub and Hock, J. 
Soc. Chem. Ind.^ 1885, 4, 297) lacmoid, owing to its behaving to acids 
and alkalies in a manner analogous to litmus, with the colouring matter 
of which they suggested it might be identical. R. T. Thomson, how- 
ever, has shown [Chem, News^ 1885, 52, 18 and 31) that well-marked 
differences exist, lacmoid being far less sensitive to weak acids than 
is the case with litmus. In most cases, lacmoid paper is preferable 
to the solution, which when used should be made with proof-spirit 
and of 5% strength. 

In much the same way that intermediate compounds such as safra- 
ninone exist which contain amino-groups and oxygen, thus lying 
between the safranines and safranones in composition and properties; 
so in the oxazine series corresponding intermediate products may be 
obtained which are produced by the condensation of compounds such 
as nitrosodinaethyl aniline with phenols and hydroxy-aromatic acids. 
One of the first members of this intermediate series was GaUocyaninc 
obtained in 1881 by H. Kdchlin by the condensation of nitrosodi- 
methylaniline hydrochloride with gallic acid in alcoholic solution. The 
substance exhibits both basic and acid properties, by employing the 
methyl ester instead of free gallic acid, the methyl ester of gallocyanine 
is produced, known under the names of Prune Pure and Parrtie R- 
The hydrochloride of gallocyanine has the composition c,sH.,oAci; 
the free base being Different constitutional forinulie 

have to be taken into accoimt which represent the base as an oxazone 
(I) or an internal ammonium (II) or oxonium (III) salt. 
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It should be borne in mind that gallocyanine yields a diacetyl de- 
rivative which certainly is in favour of formulae II or III. 

Gallocyanine usually occurs as a greenish-grey paste; if dry it 
forms a bronze powder. It is generally used in conjunction with a 
chrome mordant for dyeing wool an indigo shade, or in cotton printing. 
Leuco-gallo-cyanines obtained by reduction of diverse gallocyanines 
are sold as 1900 Blucy Deep Blue extra R, etc. They give a violet with 
hydrochloric ,acid and their alkaline solutions rapidly oxidise on 
exposure to the air (blue-violet). Their chief application is in printing 
and dyeing on chrome mordants. 

Prune forms brown crystals or powder, it is chiefly used in calico- 
printing, 

Gallamine Blue. — If gallamide, C5H2(OH)3CONH3 be condensed 
with nitrosodimethylaniline, a corresponding dyestuff is produced 
which, as its bisulphite compound, is known under the name of Gallo- 
^ine Blue. It occurs as a light grey paste, dyes chrome-mordanted 
Wool blue and is used in calico-printing. 
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OXAZINE DYESTUFFS. 


Com- 
mercial i Formula 

name ' 

Remarks 

Alizarin 1 1 / (5)OH 

Green B, HS03(4)CioHs | (3). 0.(2) / t (4);0 


Alizarin 1 (O.N:(i) 1 p.-vr. ^ ^5)0H ! 

Green G. HSOj(6)CioH. j (3), 0.(2) / \ (4):0 j 

Azurine, H0(6) } } CsH3(4) :N(CH.,).C1 


Cagr^^Blue 1 , } CeH3{4) •N(CH3).C1 ^ 


Celestine H0i3) i n (','1 1 

Blue H, H0(4) CsH •. } C6H,(4);N’{C!lh);Cl 

CoremeRR NH,.C0(6) j 

I 



1 

ToremeAB 

AR. j 

i 

i 

j 


Delphine r /■ 1 n / > 1 By heating Kailn- 

Blue. : (CH3)2N(4)C6H3 i . CMi (4):0 i cyanine with ani- 

[(6).NH.C«H4,SOsNH.: line and subse- 
1 quent sulplio- 

; nation. 

Fast Blue- CI(CHi)2N.(4)C8H, y ( C«Hi | jvJ L } C«H,(4)., 

Black. N(CHj)2CI 


Action of aniline 
on M uscarinc. 

M. 

Fliinrescent NH4.0.(4) ] fc^ww.M f (4):0 

BIkc-. Br(3) C,H ; C.H 0)Br 

Resorcin ! Br(s) J ( (5)Br 

Blue. 

Iris Blue. 

By bromi nation 
of resonifin. 
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OXAZINE DYESTUFFS. 


Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of^ dye with 
sulphuric acid 1 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

core. 

acid 

On dilution 
with water 

Greenish- 
black 
powder, 
green solu- 
tion. 

Green ppt. 

Red ppt. 

Violet. 

Red ppt. 

Chrome dye for 
wool. 

Brown-black 
powder, 
green solu- 
tion. 

Violet ppt. 

Bordeaux 

ppt. 

Bluish -green. 

Red ppt. 

Chrome dye for 
wool. 

Black paste, 
violet solu- 
tion in hot 
water. 

Violet solu- 
tion with 
Ijastc. 

Cerise solu- 
tion with 
paste. 

Blue. j Cerise. 

Soluble in alcohol. 

Green crystals 
blue solution. 

Blue ppt. 

Red, j Green. Red. 

1 j 

Soluble in alcohol. 
With nitric acid 
(Rp.gr.i.4a)moss- 
green . 

Greenish- 
black pow- 
der, violet 
solution. 

Violet, 

Cerise. j Blue. Cerise. 

1 : 

Soluble in alcohol. 

Green powder. Precipitate, 
blue solution. [ 

I 

Red, I Blue. Red. Ghromc dye for 

1 j wool. 

' ‘ I 

Blue paste, 
blue solution. 

Bluer. 

Precipitate 

Red. 

Bordeaux 

Red. 

Carmine. 

. 

Vellowish-b r o w n 
with nitric acid 
(sp. gr. 1.40), 
With stannous 
chloride in hy- 
drochloric acid ; 
feebler. 

Brown pow- 
der. violet 
solution. 

More violet. 

Redder. ' Red violet. 

1 

Blue ppt. 

Nitric acid (sp. gr. 
i.4o);bfown. Stan- 
nous chloride in 
hydrochloric acid; 
somewhat weaker. 

Black powder, 
violet -black 
solution. 

Black ppt. 1 Black ppt. 

Black i Violet-black, 

solution. 1 

Soluble in alcohol 
with blue-black 
colour. 

Brown powder 
insoluble in 
water, solu- 
ble in acetic 
acid. 

Red ppt. 

Brown. 

Violet. 

Orange. 


Red paste 
^«d green 
crystals, 
^olet solu- 
tion with 
green fluores- 
cence. 

No change. 

Brown ppt. 

Blue. 

Brown ppt. 
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Com- 

mercial 

name 

Formula 

Remarks 

Gallamine 

Blue. 


(3)0H 

{4):0 

(6)C0NH2 

From gallamic 
acid and nitroso- 
dimeth ylani- 
line. 

Gallanilic 

Green. 

Fast Green 
G. 


By nitration of 
gallanilic blue, 
product of in- 
teraction of ani- 
line and Gallam- 
ine Blue. 


Gallanilic 


By sulphonation 
of gallani He 
blue. 

Indigo 
Pand PS. 



Violet BS.! 

1 

1 

Gallazine A 





Gallocy- 

anine. 

Solid Vio- 
let, etc. 

(CH,)2N(4);CeH3 { } CeH | (^{oH 

(s).CO 

[ 1 (base.) 

Condensation of 

1 gallic acid with 

1 nitroso-di- 
methylanilme. 

Meldola’s I 
Blue, 

New BlueRi 

Fast Marine 
Blue RM. 
etc. 

{o)!n-(0 } C5H3(4):N(CH3)2Cl-hZnCIi 

From nitroso-iii- 

methylani line 

and i3- naph- 
thol. 

Metaminc 
Blue B. 
New Blue, 
B, G. 

Past 

Marine 
Blue G. 
BM. GM.. 
etc. 


By action of oi- 
mcthyl-/>'pb‘‘ny* 

leneniamine on 

Meldola's lil'ic. 
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Reaction of aqueous 
solution 

Reaction of dye with j 
sulphuric acid i 


dyestxifi 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Grey paste, 
blue solution. 

Violet. 

Red. 

Grey, 

Red. 

Chrome dye for 
wool. 

Brown paste 
or powder, 
bluish-green 
solution. 

Green ppt. 

Blue ppt. 

Carmine. 

,Brown ppt. 

With nitric acid 
(sp. gr. 1,40); 
brownish-yellow. 
Brighter with 
stannouschloride 
in hydrochloric 
acid. 

Blue paste, 
copper lustre. 
P. insoluble. 
PS. soluble. 

PS. 

Violet 

solution. 

P S. 

Dark brown 

ppt. 

PS. 

Brown- 

violet. 

PS. 

ppt. 


Black paste, 
blue solution. 

Violet. 

Red, 

Red. 

Claret, 


Brown paste, 
sparingly 
soluble. 

Violet 

solution. 

Red ppt. 

Blue. 

■ 

Violet ppt. 
and violet 
solution. 

With nitric acid 
(sp. gr. 1.40); 
brownish-yellow. 
With stannous 
chloride in hy- 
drochloric acid; 
weaker. 

Grey paste or 
bronze pow- 
der. 

Dissolves 
with red- 
dish- violet 
colour. 

Difficultly 
soluble in ex- 
cess of hydro- 
chloric acid. 

Red- violet 
solution. 

Blue 

solution. 

Cerise. 

Forms a slightly 
coloured crystal- 
line compound 
with sodium bi- 
sulphite. With 
nitric acid (sp.gr. 
1.40); red-brown, 
Chrmocyanine, 
etc., obtained by 
the action of sul- 
phite on various 
galloc y a n i n e 3 
are sold in paste. 
Printed with 
chrome. 

Violet powder,: 
violet-blue 
solution. 

Brown, 

Reddish. 

Blackish. 

Blue. 

With stannous 
chloride in hy- 
drochloric acid; 
first green, then 
decolourised. 

Violet powder, 
blue solution. 

Brown ppt. 

Violet. 

Green. 

Tint dirty 
violet, then 
blue. 
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Com- 

mercial 

name 

1 

Formula 

Remarks 

Muscarine. 

H0(7)Cu»Hi { } CiH3(4):N(CHj).U1 

Condensation ni- 
troso - dimethyl- 
aniline with 2 : 7 - 
d ihy dro xy - 
naphthalene. 

^ {CH,).N.(4)CioHs ( } C,H3(4):N(CH3)jC1 

Blue GG.! 

' 

By action of di- 
methylamine on 
Meldola's Blue. 

New Meth- 
ylene 
Blue GS, 



Nile Blue. 

NH.(4)CioHi 1 } C«H,(4):N(CHs)2C1 

By condensation 
of nitrosodi- 
methyl- (or di- 
ethyl-)»i- am- 
ino phenol with 
<r-naphthyl- 
amine. 

Nile Blue A. 

NH2(4)CioHi I } C»H,(6):N(C,Hs) 2S04 j 


1 


Phenocya- 

nine. 

(CH,)2N.CeH, ( } CiH | U)!o^ i 

?(6).C,H,(0H)2 ! 

j Condensation of 
j resorcinol with 
gallocyaninc. 

Prune Pure. 
Parme R 
(Paste). 


Condensation of 
methyl ester of 
gallic acid wtth 
nitrnsfjdimethyl- 
aniline. 



Action of 
phitc on snl- 
phonated gallo- 
cyanines. 

R. J. 


Indalizarin 

green. 


Action of nitric 
acid on ic-i' 
alizarin. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

teristics 

Brown pow- 
der, violet 
solution. 

Brown; sol- 
uble in excess 
of sodium hy- 
droxide but 
not in am- 
monia. 

Blue. 

Green. 

i 

Blue I 

then 
violet. 

With nitric acid 
(sp.gr. 1.40) vio- 
let-red. Colour 
discharged by 
stannous chlo- 
ride in hydro- 
chloric acid. 

Grey powder, 
blue solution. 

Green ppt. 

Green, 

Red-brown 
solution, i 

First brown, 
then green 
and finally 
blue. 

Dyes silk and 
tannined cotton 
greenish -blue. 




1 I 

Bronze crys- 
tals. blue 
solution. 

Red ppt. 

Greenish- 

yellow. 

Vellow'. 

Green 
then blue. 


Green crystal- 
line powder, 
bronze lustre, 
blue solution. 

Red ppt. 

Ppt. of 
hydro- 
chloride. 

Brown. 

Green 
then blue. 


Green powder, 
blue solution. , 

Red ppt. 

Small 
amount; 
red-violet 
ppt., excess 
of acid brown 
solution. 

Brown-red 

solution. 

Violet ppt. 


Green paste, 
soluble in 
water. 

Dissolves in 
alkalies with 
brown colour, 
Wue on ex- 
posure. 




Nitric acid (sp. gr. 
1.40) brownish- 
yellow, Brighter 
with stannous 
chloride and hy- 
drochloric acid. 

Phenocyaninc T V 
by sulphonation. 

Phenocyanine TC 
by oxidation. 


solution 
turning blue 
by exposure 
(oxidation). 


Brown pow- 
der or paste, 
violet solu- 
tion. 

Brown ppt. 

Cerise. 

Blue. 

1 

Cerise. 

Chiefly used in 
cotton printing 

Baste. Olive - 

Brown 

solution, blue 
on exposure. 

■j 

j Pale bor- 


Dyed Of printed 

coloured 

solution. 

] 

[ deaux 

1 colour. 


on chrome-mor- 
danted goods. 



1 Pnf 


' Dark red- 
■ dish vdolet, 

i 

Fast green on 




i 

1 

1 chromed wool. 
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Delphine Blue. — When gallocyanine is heated with aniline, the 
carboxyl group is displaced and its place taken by an anilino- residue 
.NHCqHs. Sulphonation of the newly added nucleus is possible, 
and the ammonium salt of the monosulphonic acid comes into com- 
merce under the name of Delphine-Blue. The dye gives indigo-blue 
shades fast to light and milling on chromed wool, while it is also used 
in calico-printing with a chrome mordant. The solution of the dyestuff 
in concentrated sulphuric acid is reddish violet; dilution of this solu- 
tion occasions a dark blue precipitate. 

By the action of sulphites on gallocyanine-sulphonic acids, Durand 
and Huguenin prepare Indalizarine 7? and /, from which Indalizarine 
Green is prepared by the action of nitric acid. 

Phenocyanines.— Durand and Huguenin prepare a (leuco) dye- 
stuff Phenocyanine KS* by the action of resorcinol on the gallocyanine 
derived from diethylaniline and gallic acid. From Mdhlau’s work 
this compound probably has the constitution 



It forms an easily soluble greenish paste which gives a fine fast blue 
when printed on cotton with a chrome mordant. The pale brown 
solution in concentrated sulphuric acid slowly becomes blue by 
oxidation. 

The oxidation product which may be looked upon as the correspond- 
ing oxazone is known as Phenocyanine JV, and the sulphonation of 
this latter compound by heating with sulphites gives rise to PItetiocya- 
nine TV. 

Alizarin Greens G and B are obtained by the condensation of 
/?-naphthaquinone-sulphonic acid with i-amino-z-naphthol-fi-sul- 
phonic acid and 2-amino- i-naphthol-4-sulphonic acid respectively. 
Both dye green on chrome mordants; Mark G gives a bluish-green 
solution in concentrated sulphuric acid going blue and violet success- 
ively on dilution and finally giving a red precipitate. Mark B gives 
a dull bluish-violet solution in concentrated sulphuric acid going 
yellowish -green on dilution and then a red precipitate. 
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Thiazines. — These dyestuflfs are derived from a parent substance, 
thiodiphenylamine, 

S 



NH 


which is obtained when diphenylamine is heated with sulphur. The 
diamino-derivative with the two amino-groups in the different nuclei 
situated para to the imino-group of the thiazine ring* is the leuco-base 
of Lauth^s Violet which may be obtained from the diaminothiodi- 
phenyl amine on oxidation. The colouring matter is also formed when 
an aqueous solution of ^-phenylenediamine hydrochloride is treated 
with hydrogen sulphide and then oxidised with a solution of ferric 
chloride; the reaction may be used as a test for/?-diamines in which one 
of the amino-groups happens to be primary. The reaction also fur- 
nishes an excellent confirmatory test for ^-dinitro-compounds, ^-nitro- 
anilines, nitroso-dialkylanilines or other substances which furnish 
p-diamines on reduction. In such cases boil the substance under 
examination with tin and hydrochloric acid, dilute with \vater, pour 
off from excess of tin, saturate with sulphuretted hydrogen, filter off 
from tin sulphide and to the clear filtrate add ferric chloride sofution 
drop by drop. A violet colouration is produced if the substance 
reduced has furnished ^-phenyl enedi amine (from ^-dinitrobenzene, 
p-nitroaniline or amino-azobenzene); if, however, the solution contains 
an alkylated />-phenylenediamine, such as is obtained by reduction of 
nitroso-dimethylaniline, butter yellow, etc., the colour will be blue. 
While Lauth^s Violet is of no technical importance its tetramethyl- 
derivative is the dyestuff known as methylene blue. 

Methylene Blue. — Methylene Blue 



N 


Vot. 
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was formerly obtained by reducing an acid solution of nitroso-dimettiyb 
aniline with hydrogen sulphide or zinc dust, and then oxidising by 
ferric chloride in presence of a known excess of hydrogen sulphide. 
The colouring matter was then salted out with common salt and zinc 
chloride. 

This process has been replaced by one in which a mixture of di- 
me thyI-/>-phenylenedi amine and dimethylaniline are oxidised to an 
indamine in presence of thiosulphates. Instead of obtaining tctra- 
methylindamine (Bindschedler’s Green), a thiosulphonic derivative 
is formed which may be looked on as an internal salt. This compound 
when heated with dilute acids splits off sulphuric acid giving leuco- 
methylene blue. 



Methylene Blue^ occurs in commerce as a hydrochloride, but more 
frequently as the double zinc salt. It forms a dark blue or reddish- 
brown powder with a bronze reflection. In water or alcohol it dis- 
solves easily wdth a blue colour. The solution is not changed or is turned 
greenish by hydrochloric acid. Sodium hydroxide changes the colour 
to violet, and the addition of strong alkali to a concentrated solution 
produces a dirty blue or violet-black precipitate. In concentrated 
sulphuric acid, Methylene Blue dissolves with a grass-green colour, 
which, on addition of water, becomes first blue and then violet. 

From a solution of commercial methylene blue, the iodide, CioHjjjNs* 
SI is completely precipitated on adding iodide of potassium, and potas- 
sium dichromate also completely precipitates the solution as a purple- 
violet chromate. Methylene Blue forms a soluble compound with 
tannin which is taken up by metallic mordants. 

* Also known as: Methylene Blue B, BG and BB: Methylene Blue laD and 
Ethylene Blue. The latter ia a mixture ot Methylene Blue with Methylene Azure. 
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By treating Methylene Blue with zinc and acetic acid, or with an 
alkaline solution of sodium hyposulphite, the leuco- derivative, 

NgS, is obtained. This substance crystallises from ether in flat satiny 
needles, having a penetrating odour resembling that of the lobster. 
It is readily soluble in water, and is extremely oxidisable both in the 
dry state and in solution, methylene blue and other products being 
formed. In acid solution, tetramethyl-leucothionine is more stable, 
and it forms a readily soluble and crystallisable double zinc salt. 

The formation of methylene blue affords the most delicate and cer- 
tain reaction for the detection of hydrogen sulphide in neutral or 
acid solution, far exceeding in this respect the reactions with lead salts 
and nitroprussides. roo c.c. of the liquid to be tested should be 
treated with 2 c.c. of fuming hydrochloric acid, and a few grains of 
dim ethyl “^’phenylene- diamine sulphate added. On then adding a 
drop or two of ferric chloride solution, methylene blue will be formed 
either immediately or on standing, if any hydrogen sulphide was 
previously present. 

Methylene Blue is a valuable dye for cotton yarn and calico-printing. 
The blue produced has a greenish shade, especially in artificial light. 
The colour is faster than Aniline Blue, being unaffected by light and 
not acted on by neutral soap solution or dilute hypochlorites. Ammonia 
is also without action, but alkaline soaps and alkali hydroxides remove 
the colour. On treating the fabric with hydrochloric acid, it is turned 
green and the dye is gradually removed, the acid liquid remaining 
green. Stannous chloride and other reducing agents discharge Methy- 
lene Blue more rapidly than other blue dyes. A 3% solution of 
potassium dichromate changes a fabric dyed with Methylene Blue to 
violet, and finally discharges it. If the dye was mordanted with tan- 
nin, a dark brown colour remains. 

The behaviour of methylene blue with reducing agents and the 
sensitiveness of the resultant leuco- derivative render the colouring 
matter of great value in bacteriological research. ‘‘The bacilli of 
tuberculosis, glanders, and cholera were first discovered by the aid of 
methylene blue.” 

Methylene Blue is i;educed by phenylhydrazine at the ordinary 
temperature, giving the leuco-compound in a very pure form (m. p. 

The leuco-compound is not oxidised even by pure oxygen in 
an atmosphere free from acid, and in strongly alkaline solutions it is 
^ot acted upon by permanganate or hydrogen peroxide. (P. Lan- 
dauer and H. Weil, Ber., 1910, 43, 198). 
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THIAZINE DYESTUFFS. 


Com- 

mercial 

name 

Formula 

Remarks 

Brilliant 
Alizarin 
Blue G. 




Brilliant 
Alizarin 
BlueG. R. 



Brilliant 
Alizarin 
Blue R. 

HSO1.C6H4.CH2 {(3)0H I 

Gentianlne. 

NH2(4)CsH, { jlj ] C.H,(4):N(CH,):€I 


Lauth's 

Violet. 

K,N(4)C.H. W J c.H.(4):NH.a „ e' ,lt 

I amine in pres- 
j ence of hydrogen 

1 sulphide. 

Methylene 
Blue B. 

(CH.).N.(4)C.H. { [’J j C.H.(4 );.V(CHi)!C1 

Commercial ar- 
ticle usually the 
double zinc 
chloride. 

Methylene 
Green G. 

(CHoS)c.H.{|.-. }c,H.,N(CH,):C1 

Nitration of meth- 
ylene blue. 

New Meth'i 
^lene Blue 

CiHi.NH*:|4) } { Sii;N: ^ { uJ :NH(C,Hi)Cl 


Thiocar- 
mine R. 

* ^ SOiNa.CiH 1 . H »C { 

From ethyl- 

benzyl amine 

sul phonic acid. 

Thionine 
Blue G. 



Thionine 
Blue G. 0 
extra. 

C^Hi*} {Jji.N: ll) } C#Hi(4,):N(CH,),CI 


Toluidine 
Blue 0. 

nSIIII } C'H. } C.H.(4):N(CH.).CI 


Urania 

Blue. 


Oxidation of 
naphthyi-w-ph'^'^" 
ylene - dtanune- 
diaulphonic ac‘a 
with dimethyl'?' 

phenylene n ■ 

amine 

phonic acid. 
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THIA2INE DYESTUFFS. 


Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

Brown paste, 
blue solu- 
tion. 

Violet. 

Violet ppt. 

Green. 

Violet, 

Nitric acid (sp. 
BT. 1.40) ; yellow. 
Decolourised by 
stannous chlo- 
ride in hydro- 
chloric acid. 


1 1 

! 




Black paste. 

1 i 

Green. 

Violet. 


Ked Brown * 
powder, blu- 
ish- vi o le t 
solution. 

First a more 
violet colour- 
ation then 
ppt. 

Greener, | 

! 

Yellowish- 
green solu- 
tion. 

First blue, 
then blue- 
violet. 


Hydrochlo- 
ride: needles 
with canthftr- 
jdine lustre. 

Violet solution 

Ppt. 

i 

Green. 

Blue then 
violet. 

Not employed as 
a dyestuff. 

Dark blue or 
brown pow- 
der, blue so- 
lution. 

The base, lib- 
erated by 
moist silver 
oxide is easily 
soluble in 
water with 
blue colour. 

1 

Green. 

Blue. 

i 

Decolourised by 
stannous chloride 
in hydrochloric 
acid. 

Brown pow- 
der, green 
soution. 

Violet, , 

Greener. 

Dark Green, j Bluish-green. 

Reduction gi^^es a 
leuco-com pound 
which reoxidises 
to a blue dyestuff. 

.Metallic pow- 
der, blue 
solution. 

Red- brown 

ppt. 

Green with 
concentrated 
acid in excess. 

Green. 

Blue. 

Decolourised by 
stannous chlo- 
ride in hydro- 
chloric acid. 

Blue powder, 
blue solu- 
tion. 

No change, 
in cold. 
Violet on 
heating. 

No change. 

Y'ellowish- 

greeo. 

Blue. 








Brown pow- 
der, blue so- 
lution. 

Violet. 

No change. 

Y’ellowish- 

grecn. 

Blue. 


Green powder, 
yiolet solu- 
tion. 

Dirty violet 

ppt. 

Blue. 

Yellowish- 

green. 

Blue. 


Violet powder 
with bronze 
lustre, blue 
solution. 

No change. 

Dark blue 
(soluble) ppt. 

Brownish- 
green solu- 
tion. 

Blue, Dyeswooland silk 

i from an acid 

1 bath. 

1 
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Nitration of methylene blue yields Methylene Green which is a mono- 
nitro- derivative. It form a dark brown powder which gives a dark 
green solution in concentrated sulphuric acid going blue on dilution 
(Gnehm and Walder, Ber.j 1906, 39, 1020; Grandmougin and Walder, 
Zeit. Farben-Ind.j 1906, 5, 285), 

Thiocarmine R (Cassella) is an acid dyestuff of the series obtained 
by oxidation of thiosulphates and benzybethyl-^-phenylene-diamine 
sulphonic acid 

NH / \ N < ‘^2^5 

/"^\.CH 2 ,CeH,.S 03 H 

It gives a grass green solution in concentrated sulphuric acid, going 
bright blue on dilution; it dyes wool and silk from an acid bath, 

Mbced dyestuffs with different rings or groupings on either side of 
the thiazine ring may be obtained by the thiosulphate process; this may 
be illustrated by reference to Brilliant Alizarin Blue. 

Brilliant Alizarin Blue G and R (Bayer), or Indochromine T 
(Sandoz). — Under this name sulphonic derivatives of substituted 
naphtho-phenthiazines are placed on the market. When benzyl- 
ethyl-/»-phenylenc-diamine sulphonic acid is oxidised in presence of 
thiosulphates a thiosulphonic acid is obtained. Subsequent conden- 
sation with . 9 -naphthaquinone and elimination of sulphuric acid leads 
to the production of the dyestuff which may be represented by the 
formula 



0— SO 2 


The dye gives a very fast blue on chromed wool, cotton and silk; it 
may be used for calico-printing. The use of Indochromo^en S has 
already been referred to* 

II. QUINOLINE AND ACRIDINE DYESTUFFS. 

Several dyestuffs (amino-derivatives) related to acridine have found 
extensive use in dyeing, but quinoline derivatives may be dismissed 
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somewhat briefly as lack of fastness or expense have hindered any 
considerable employment. 

Cyaaiae or Quinoline Blue, is obtained by heating a 

mixture of quinoline and lepidine with an alkyl iodide in the presence 
of an alkali. It is a strongly basic compound and its mono-acid salts 
occur as beautiful blue crystals. It is not important as a dyestuff, as 
the shades obtained with it are very sensitive to light and acids. It is 
insoluble in cold water, and only slightly so in hot water, giving a 
violet-blue solution which smells of quinoline. With strong sulphuric 
acid it evolves iodine on heating. This dyestuff has found application 
in the preparation of isochromatic photographic plates. 

Quinoline red is a similar substance obtained by the action of 
benzo-trichloride on quinoline in the presence of zinc chloride. 

It occurs as small brownish-red needles, insoluble in cold water, 
though fairly soluble on warming. In alcohol it yields a red solution 
exhibiting an orange fluorescence. It is not employed to any extent 
as a dyestuff, but finds a similar use to cyanine, a mixture of the two 
constituting the so-called Azalin. 

Flavaniline, When acetanilide is heated with 

zinc chloride to a temperature of 250^-270°, it is converted into a 
colouring matter, the free base of which has the constitution of a 
^-aminophenyl'/'-lepidine. The mechanism of the reaction has been 
explained by the researches of 0 . Fischer and Bedail (Ber., 1882, 15? 
684), Fischer and Rudoff 15, 1500), Fischer and Besthorn (Ber., 

1883, 16, 68), Fischer and Tauber (Brr., 1894, 17, 2925). 

The first effect of the zinc chloride is to isomerise the acetanilide 
to a mixture of 0- and ^-amino-acetophenones which then condense in 
the following manner: 


N 



Flavaniline is now almost obsolete in commerce. It is a hydro- 
chloride of the base, and occurs as an orange-yellow crystalline pow- 
readily soluble in water with a yellow colour. The solution is 
Unchanged by hydrochloric acid, but on adding sodium hydroxide 
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yields a milky precipitate of the free base, soluble in ether, without 
^colour, but with a steel-blue fluorescence. In strong sulphuric acid, 
flavaniline dissolves with a dirty-yellow colour and blue fluorescence. 
Flavaniline dyes wool and silk yellow without a mordant. Silk dyed 
with flavaniline exhibits a fine moss-green fluorescence. 

Flavaniline S is a sulphonated flavaniline. It resembles the basic 
dye, but the solution is gradually decolourised by sodium hydroxide 
without a precipitate being formed. In strong sulphuric acid it forms 
a colourless solution, becoming yellow on dilution. 

Quinoline Yellow (or Quinophthalon), CjgHjjOjN, is obtained 
by heating quinaldine with phthalic anhydride and zinc chloride. 

The product forms a yellow powder, which is insoluble in water, 
but difficultly soluble in alcohol, to form a yellow solution. In strong 
sulphuric acid the dye dissolves with a yellowish-red colour, the 
solution giving a flocculent yellow precipitate on dilution. By sulpho- 
nation, Quinoline Yellow yields a disulphonic acid, the sodium salt of 
which is known as Water-soluble Quinoline Yellow. I^ forms a bright 
yellow powder dissolving easily in water with an intense yellow colour, 
which is unaltered by dilute acids but which is turned somewhat darker 
by ammonia. The dye is not applicable to cotton. On silk and 
wool, in a bath acidified with sulphuric acid, it yields very pure 
shades of yellow, which stand light fairly well. Berberine, C„H.,0,N, 
a natural yellow dyestuff found in Berberis vulgaris, etc. (see Vol. 6), 
must be classed with isoquinoline derivatives, since W, H. Perkin has 
shown that its constitution is to be expressed by the formula 

O-CH3 



Acridine Dyes. — The acridine dyes are of much greater importance 
than those derived from quinoline. One of them, Aniline YeU(rwot 
Chrysaniline has been known for a long time as a bye-product formed 
in the manufacture of magenta; it is an unsymmetrical diammo* 
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acridine and owes its formation to the condensation of i molecule 
of ^-toluidine with 2 molecules of aniline in the following manner: 



Most of the dyestuffs of this series in use at the present time are 
obtained from w-diamines which condense with aldehydes forming 
derivatives of tetra-amino-triphenylmethane. On heating these with 
hydrochloric acid under pressure, ammonia is eliminated and a dihydro- 
acridine produced from which the dyestuff is formed on oxidation with 
reagents such as ferric chloride. The production of benzoflavine, 
a typical member of the series, illustrates the method; the following 
scheme assumes that tetra-amino-dimethyltriphenylmethane has 
already been formed by the condensation of i molecule of benzal- 
dehyde with 2 molecules of M*tolylene-diamine 


NH 



I 

C.H, 
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It may be noted that substituted benzaldehydes can be employed for 
the condensation; on the other hand w-phenylene-diamine does not 
condense as smoothly as tolylene-diamine, although m-amino-dimeth- 
ylaniline gives a clean reaction In fact, Acridine Orange, which is a 
tetramethyldiamino-acridine, is obtained from m-amino-dimethylanl> 
line and formaldehyde by reactions similar to those by which benzoflav- 
ine is obtained from w-tolylenedi amine and benzaldehyde. 

Fluorescein on prolonged heating under pressure with ammonia has 
its hydroxyl -groups replaced by amino-groups and its pyrone oxygen 
atom by an imino-group (R. !Meyer, Ber,y 1888, 21, 3376). The 
resulting compound may be looked on either as a derivative of phtha- 
lide (I), as a di amino phenyl acridine-carboxylic acid (II), or as an 
internal quinonoid betmne (III), 



Similar remarks as to constitution apply in the case of faveosin, 
which is a tetra-alkylated derivative of the compound just mentioned. 

Benzoflavine is a yellow substance soluble with difficulty in cold 
water, but more readily on heating. It is precipitated from its aqueous 
solution by dilute acids. In strong sulphuric acid it dissolves with 
yellow colour and pronounced yellowish-green fluorescence. 
alcoholic solution shows an intense yellowish fluorescence, which dis- 
appears on the addition of an acid. The free base of benzoflavine is 
colourless and insoluble in water, but soluble in alcohol and ether. 
Benzoflavine is chiefly dyed on the cotton fibre, for which purpose the 
material is mordanted with tannin and tartar emetic. It yields a very 
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pure yellow shade which is quite fast to soap and light. It is mostly 
used for shading malachite green and safranine, and in calico-printing. 

Acridine Orange, Cj7HigN3,HCl+ZnCl2, is the zinc chloride 
double salt of tetramethyldiamino -acridine. It is a basic dyestuff 
resembling chrysaniline. Its solution in water and alcohol is orange 
in colour and exhibits a green fluorescence. It gives orange shades 
on mordanted cotton which are very fast to soap. It is also used for 
dyeing leather, to which it imparts a peculiar golden lustre. 

Chrysaniline. Phosphine. — This colouring matter, also called 
Aniline Yellow j Aniline Orange ^ and Leather Yellow^ Philadelphia 
Yellow G, Xanthin, Leather Brown ^ Phosphine //, A'", and P, Patent 
Phosphine and Nankin^ is obtained as a secondary product of the 
manufacture of magenta.^ 

Commercial Phosphine forms an orange-yellow powder, readily 
soluble if the hydrochloride, but difficultly if the nitrate, to a reddish- 
yellow solution. It is also soluble in alcohol. Dilute hydrochloric 
acid simply deepens the colour, but with excess of the strong acid a 
dihydrochloride is precipitated, readily soluble in pure water. Ammo- 
nia and sodium hydroxide liberate free chrysaniline as an amorphous 
yellow precipitate, which melts on boiling, the liquid being coloured 
pale yellow. The precipitate is soluble in ether. Phosphine dissolves 
in strong sulphuric acid to form a reddish-yellow solution which exhibits 
a strong green fluorescence. On dilution, a red dish -yellow solution is 
obtained. 

On adding nitric acid or sodium nitrate to a tolerably concentrated 
solution of phosphine, the sparingly soluble chr)^saniline nitrate sepa- 
rates as a red crystalline precipitate. In warm solutions, the precipi- 
tate is produced slowly, and on stirring the liquid is deposited in streaks 
in the track of the glass rod. Under the microscope the precipitate is 
seen to consist of needles. This characteristic reaction, when carefully 
applied, distinguishes phosphine from other yellow colouring matters, 
but is liable to fail in solutions of the nitrate. Hence a preferable plan 
is to liberate the base by ammonia, agitate with ether, treat the separated 
ethereal solution with dilute acetic acid, concentrate the acetic solution, 

* The resinous bye-products contain chrysaniline, mauvaniline, wlaniline, a little rosani- 
«w. and undefined resinous matters. On boiling the mass with dilute hydnpchlonc acid, 
and violaniline remain insoluble. By fractional precipitation of the fUtered solution 
lime, mauvaniline, rosaniline, and chrysaniline are successively precipitated, Chrys- 
lat • ® ^ easily prepared from the mother-liquors which remain alter precipi- 

magenta by salt, in the arsenic acid process. More salt is added to the hQWu 
lime, the precipitate treated with ddute nitric acid, and the spanngly soluble 
of chry^nilina precipitated by adding excess of nitric acid to the solution. 
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and add sodium nitrate. This mode of operating excludes the possi- 
bility of confusion with nitro-compounds, which often yield yellow 
crystalline 'precipitates on treating their solutions with nitric acid or 
potassium nitrate. But the nitro-dyes are not extracted by agitating 
their ammoniacal solutions with ether, though, unlike chrysaniline, 
most of them are extracted from their acidified solutions. Nitro- 
compounds are further distinguished by the red or brownish colour 
developed on boiling with potassium cyanide; whereas phosphine gives 
a yellow precipitate in the cold, and the liquid acquires a yellow colour 
on boiling. 

On treatment with stannous chloride and hydrochloric acid, chrys- 
aniline solutions are decolourised, but the yellow colour rapidly returns 
on exposing the reduced liquid to the air. 

When heated with 3 or 4 parts of hydrochloric acid to i6o°-i8o°, 
chrysaniline is decomposed with formation of ammonium chloride and 
chrysophenol, CiaH^NjO, in the same way that flavaniline yields 
flavenoL 

Phosphine behaves to fibres like the other basic aniline dyes. It 
produces a yellow on silk or wool, and is used in admixture with 
magenta for dyeing silk scarlet. On cotton mordanted with aluminium 
acetate it gives a nankin-yellow which will stand soaping. 

Acids redden fibres dyed with phosphine, and after a time the 
colouring matter is removed. Alkalies turn the fibre to a greenish- 
yellow paler than the original. Reducing agents decolourise it 
gradually. 

Flaveosine, the constitution of which has already been mentioned, 
is obtained by melting m-acetaminodimethylaniline with phthalic 
anhydride. On hydrolysis with concentrated sulphuric acid, acetic 
acid and ammonia are removed and a salt of flaveosine produced. 
(See Grandmougin and Lang, Ber.^ 1909, 42, 4014.) 



c.H,<( No 
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Flaveosine is a yellow dyestuff, the free base of which dissolves readily 
ia methyl and ethyl alcohols, acetic acid and acetone, the solutions 
exhibiting a green fluorescence; it is, however, less soluble in benzene, 
ethyl acetate, chloroform and carbon tetrachloride and insoluble in 
ether and light petroleum. Concentrated sulphuric add gives a 
bright yellow solution with a blue-green fluorescence; dilution first 
gives a deep red solution with a faint brown fluorescence and ultimately 
a yellowish-orange solution with a green fluorescence. The analogy to 
the rhodamines is evident from the formula; like these compounds it 
may be esterified, the esters being the analogues of the anisolines. 

Corioflavines. — These dyestuffs have been comparatively recently 
introduced by the Griesheim-Elektron Co. of Frankfurt, a. M., and 
are used in leather-dyeing and calico-printing. Corioflavine GG is a 
brown powder, Corioflavine G a red-brown powder; both dyes dissolve 
in concentrated sulphuric acid with yellow colour and greenish fluores- 
cence; the colour goes to a red-brown on dilution. Corioflavine R 
forms a brown- red powder which dissolves in concentrated sulphuric 
acid with greenish fluorescence and orange colour going red on dilution. 
Corioflavine RR gives a greenish-yellow shade with green fluorescence 
in concentrated sulphuric acid; the colour goes red on dilution. The 
corioflavines are insoluble in sodium hydroxide of 52° Tw. (29.7° Be.) 
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QUINOLINE DYESTUFFS. 


Com- 

mercial 

name 

Formula 

Remarks 

Cyanine. . . 

(fl) From methiodides of quinoline and lepidine— CjiHu- 
Njl. (6) Prom ethiodides of quinoline and lepidine — 
CijHmNiI. 

By heating alkyl 
(e. amyl, etc.) 
iodides of quino- 
line and lepidine 
with alkali. 

Flavaniline. 

/C{CH,):C 

C«H< 1 

\N--- - -~_C.(i)C«Hh(4).NHi.HC] 

i 

By heating acet- 
anilide with zinc 
chloride or con- 
drasation of o- 
with ^-amino- 
acetophenone. 

Flavanitine 

S. 

Sodium salt of flavaniline- Sulphonic acid. 


OuinoUne 

Red. 

Base: — CuHnNi 
Hydrochloride:-^s«HisN 2 .HCl 

From quinaldine, 
isoquinoline and 
benzotrichloride. 

Quinoline 
YeQow, 
spirit solu- 
ble. 

Quinoph- 

thalone. 

^ C «CH.C»H»N 

Condensation of 
quinaldine with 
phthalic anhy- 
dride in presence 
of zinc chloride. 


Quinoline Sodium salt of sulphonic acid derivative of quinopbthalone. 
Yellow S 
(water sol- 
uble). 


Acridine | 
Orange. j 

( 

I 

f(UN (2) 

{CH,),X(4)C,H, 1 

t(t)CH(r) 

1 C4Hi(4)N(CHi) 2.HC1 + ZnCh 

From formalde- 
hyde and di- 
methyl - 1 » - 
nylent- diamine. 

Acridine j 
Orange R.’ 

f(i)N(a)1 

(CHi)*N(4)C«Hi 1 CiH»(4)N(CH,)jH Cl 

1 C»H» 

From benzalde* 
hyde. 

Acridine 

Yellow. 

i 



From formalde- 
hyde and 

1 0 1 y 1 c 

amine. 
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Character of 
dyestuff 

Reaction of aqueous 
solution 

Reaction of dye with 
sulphuric acid 

Other charac- 
teristics 

With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

1 With 
cone, 
acid 

On dilution, 
with water 

Green crys- 
tals. blue so- 
lution. 

Blue ppt. 

Colourless. 

1 (^lourless. 

Colourless. 

Too sensitive for 
use as dyestuffs 
but employed in 
sensitising photo- 
graphic plates. 

Orange crys- 
tals, blue re- 
flex, yellow 
solution. 

White ppt. 

No change 
until in con- 
siderable ex- 
cess. 

(Colourless. 


Obsolete, 

Orange pow- 
der, yellow 
solution. 

Decolourised 


Colourless. 

Yellow. 

Obsolete. 

Red crystals, 
red solution. 


j 

Colourless. 

i 

Red. 

Very sensitive to 
light. Colours 
silk in eosine- 
shade with 
strong fluores- 
cence. 

Yellow pow- 
der, insolu- 
ble in water. 



Orange 

solution. 

Yellow ppt. 

Crystallised from 
a Ic oh 0 1; fi n e 
yellow needles 
m. p. 235°. No 
basic properties. 

Yellow pow- 
der, yellow 
solution. 

Darker, 

Brighter. 

Orange, 

Yellow*. 

Dyes wool: appli- 
cation limited 
on account of 
price. 

Orange pow- 
der, orange 
solution, 
green fluor - 
escence. 

(yellow). 

Red. 

Lighter. 

Orange, 

Soluble in alco- 
hol. 

Orange pow- 
der orange 
solution , 
green fluor- 
escence. 

Yellow pow- 
der, yellow 
®< 5 lution 

Krsen fluor. 

escence. 

Yellow ppt. 

Red. 

Lighter. 

Orange. 

Soluble in alco- 
hol. 

Pale yellow 
ppt. 

Red with 
concentrated 
acid. 

Yellow. 


Soluble in alco- 
hol. 
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Com- 

mercial 

name 

Formula 

Remarks 

Benzofk- 

vine. 

CHj(s) 1 
NH2(4) J 


r(5)CH, 

[(4)NH*.HC1 

From benzalde- 
hyde. 



Lhs 




Coriofla- 
vineGG. ! 
(Griesheim- 
Elektron). ; 


Corio flavine 


i 


G. 





R. 

1 



Coriaflavine 



1 

RR- 



Chrysani- 

line. 

Phosphine, 

etc. 

C*H«| 

(2)N(2)] 

i C*Hi(6)NH: 

,(i)C(i)l 

C.H4(4)NHs 

Bye-product of 
magenta manu- 
facture. 

Flaveosine. . 

(CHi):N(4)C*H, 

{fo:C;"f'}c-H.(0:N(CN.). 
(i)CiH4(a).CO— 0 

From acetyl-di- 
ethyl -m - pheny- 
lene-d ia mine 
and phtbahe 
anhydride. 

Rheonine. | 

(CHi)»N(4)C.H, 

i \ C,H,(4)NH, ' 

i(j)C(i)J 

(i)CiH4C4)N(CH»)* 

By condensatiotf* 
of m-phenylene' 
diamine witn 
Michler’s Ke- 
tone in pTtsepe^ 
of zinc chloride. 



QUINOLINE AND ACRIDINE DYESTUFFS. 


369 


Character of 
dyestuff 

Reaction or aqueous 
solution 

Reaction of dye with 
sulphuric acid 


With 

sodium 

hydroxide 

With hy- 
drochloric 
acid 

With 

cone. 

acid 

On dilution 
with water 

tcristics 

Orange pow- 
der, yellow 

solution. 

Pale yellow. 

Orange.* 

Greenish- 

yellow, 

Orange.* 

'he salts are easily 
precipitated by 
the corresponding 
acids. Pecolour- 
ispd by stannous 
chloride in hydro- 
chloric acid. 

Brown pow- 
der, 

Insoluble. 


Yellow 

solution. 

greenish 

fluorescence. 

Red-brown. 

For _ leather and 
calico-printing. 

Red-brown 

powder. 

Insoluble. 


Yellow 1 
solution, 
greenish 
fluorescence. 

Red-brown. 


Brown-red 

powder. 

Insoluble, 


Orange 

solution. 

Greenish 

fluorescence. 

Red. 


Red powder. 

Insoluble. 


Greenish- 

yellow 

solution. 

Green 

fluorescence. 

Red, 


Orange pow- 
der. orange 
solution. 

Yellow. 

ppt. 

Brighter. 

i Orange. 

i 

( 

1 

1 

1 

Orange. 

Solutions easily 
give precipitates 
of sparingly sol- 
uble nitrate on 
addition of ni- 
tric acid. 

Yellow dye- 
stuff. 

Ppt. 


i Bright 
yellow 
solution. 
Blue - green 
fluorescence. 

Successively; 
deep red so- 
lution, faint 
brown fluores- 
cence; yellow 
orange solu- 
tion, green 
fluorescence. 


Yellow-brown 

ayestuff. 


Brown -red. 

Yellowish - 
green. 

Original 

colour. 

For cotton, tan- 
nin mordant, 
also leather. 


VoL. V. — 24 
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Rheonine is a yellow-brown dyestuff employed on tannin mordants 
and as a leather dye. It is produced by the Badische Anilin und 
Sodafabrik (German patent 82, 989) by condensing w-phenylenedia- 
mine and Michler's ketone at 200*^ with the aid of zinc chloride. 



The corresponding hexamethyltriaminophenylacridine has been 
prepared and examined by Grandmougin and Lang {Ber , 1909, 42, 
3630 ' 

12. THIAZOLE AND SULPHUR DYES. 

Dyestuffs in which sulphur forms an integral part of the chromo- 
phoric groups have already been mentioned in the case of the thiazines, 
but there still remains a class of substances in which the sulphur is 
either introduced into the molecule by fusion of suitable aromatic 
compounds with sulphur, or by heating various substances (not 
infrequently colouring matters themselves) with an alkaline sulphide. 

Thiazoles.— The dyestuffs of the thiazole group contain a 5 mem- 
bered ring 


S 
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and are commonly prepared by heating together ^-toluidine or analo- 
gous base with sulphur; the simplest thiazole derivatives are colourless 
and it is only when several nuclei are joined together that actual 
colouring matters are produced. The first discovered substance of 
the series is A. W. Hofmann 's phenylbenzthiazole produced by melting 
benzaniiide with sulphur; it is technically unimportant. 

A. G. Green made the important discovery that ^-toluidine when 
heated somewhat strongly with sulphur yielded a coloured base; the 
initial product is dekydrothio-p-toluidine; while if the heating be pro- 
longed, another substance of more intense colour and slighter solu- 
bility and basicity is produced which has received the name of Prim- 
uline. The constitution of dehydrothiotoluidine was established as 


S 



N 


while in the case of primuline further consideration of the dehydro- 
thioparatoluidine has occurred and very possibly the base contains 

3 thiazole rings in the molecule. If so, its constitution may be 
represented by 

S S S 

N N N 

(Green, Ber.^ 1889, 22, 969; Gattermann, Ibid., 424, 1064; Jacobson, 
Ibid.y 331; Anschutz and Schultz, Ibid., 581). 

Primuline base evidently contains a free amino-group, as it is readily 
diazotised; it may also be sulphonated and is usually employed in this 
form. 

Primuline is obtained by heating 2 molecules of />-toludine with 

4 to 5 equivalents of sulphur at 200° to 280°; the primuline base 
so obtained is then treated with fuming sulphuric acid. The commer- 
cial product is a yellow powder, which is very soluble in hot water. 
The very dilute aqueous solution of Primuline exhibits a blue fluores- 
cence, In a 5% neutral bath at a boiling temperature, Primuline dyes 
cotton a lemon-yellow colour, which is tolerably fast to scouring, 
entirely unaffected by alkalies, and turned a golden yellow by acids. 
The afihnity of the fibre for the colouring matter is increased, and con- 
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sequently deeper shades may be obtained, by addition of sodium chlo- 
ride or sulphate to the bath. Reducing agents produce no change, 
but the colour is attacked by oxidising agents, such as bleaching 
powder or chromic acid. By the latter the shade is changed to olive, 
while boiling solutions of - hypochlorites turn the colour to orange- 
yellow, which is very fast to all agents. 

The aqueous solution of the dyestuff is unaffected by the addition 
of sodium hydroxide, while hydrochloric acid throws down a yellow 
precipitate. The dyestuff dissolves in strong sulphuric acid to a pale 
yellow solution with a green fluorescence; dilution with water causes 
the separation of an orange-yellow precipitate. 

Since Primuline contains an amino-group,- it is capable of being 
diazotised, and this operation may be readily performed on the dyed 
flbre by passing the washed material through a dilute solution of sodium 
nitrite (3 to 5%) acidified with sulphuric acid. If the fabric be then 
again washed and immersed without delay in a developing solution 
of one of the naphthols, naphthylamines, or their derivatives, various 
shades of yellow, orange, scarlet, or maroon may be obtained. The 
colours so obtained are termed ingrain colours y and are characterised 
by their extraordinary fastness to scouring, milling, acids, etc., being 
said to be only equalled in this respect by alizarin and its congeners, 
and to far exceed the ordinary benzidine dyes. 

Chloramine Yellow is a dyestuff of unknown constitution, obtained 
by the oxidation of dehydrothiotoluidine-sulphonic acid. It is a 
brownish -yellow powder, soluble in water with a yellow colour, but 
insoluble in alcohol. The addition of either hydrochloric acid or 
sodium hydroxide to the solution produces an orange-yellow preci])itate. 
With strong sulphuric acid the dyestuff yields' a deep red solution from 
which a light brown precipitate is throwm out on dilution with water. 
Chloramine Yellow produces pure yellow shades on wool and unmor- 
danted cotton, which are fast to light. 

Oxyphenine, Oxyphenine Gold, Chlorophenine G and Tbio- 
phosphine J are dyestuffs which are produced in a manner similar to 
the above, and no doubt possess an analogous constitution. Their 
properties and application are the same as chloramine yellow. 

Mimosa is a diazotised compound of primuline, treated with 
ammonia. Its formula and constitution have not been determined- 
It is sold in the form of a yellowish-brown powder, soluble in water 
and alcohol with a yellow colour. With hydrochloric acid the aqueous 
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solution throws down an orange precipitate, while sodium hydroxide 
gives a scarlet precipitate. Strong sulphuric acid gives a yellowish- 
brown solution, which on dilution with water yields a brown precipitate 
and evolves nitrogen. Mimosa dyes a yellow on unmordanted cotton 
which is fast to soap but fugitive to light. 

Chromine G is a dyestuff similar to Thioflavine S, and is obtained 
by the action of sulphur at elevated temperatures on dehydrothio- 
toluidine, methylating the product so obtained, and then sulphonating 
by means of fuming sulphuric acid. It is a yellowish-brown powder, 
giving a yellow solution in water and alcohol. The aqueous solution 
treated with hydrochloric acid suffers scarcely any change, a slight 
brownish precipitate being formed. Sodium hydroxide turns the 
solution to a greenish -yellow. Strong sulphuric acid dissolves the 
dyestuff to a greenish-yellow solution, exhibiting a blue fluorescence 
and giving an orange precipitate on dilution with water. Chromine 
G is employed in the same manner as Thioflavine S, yielding fine 
yellow shades which are fast to soap but very fugitive to light. 

Thioflavine T, C^jH^gNaSCI, is the trimcthyl chloride derivative 
of dehydro-thiotoluidine, and has the following constitution: 

ch3.(4)c.H3 I : I c.(i)C3H.(4).n(ch3)3Ci 

It is obtained by the action of methyl chloride on dehydrothiotolui- 
dine or by the action of methyl alcohol and hydrochloric acid. It is 
brought into commerce in the form of a yellow crystalline powder 
which is easily soluble in water and alcohol with a yellow colour, the 
solutions possessing a green fluorescence, especially the alcoholic 
solution. The aqueous solution is unaffected by the addition of 
sodium hydroxide or by hydrochloric acid. With strong sulphuric 
acid the dyestuff gives a colourless solution which becomes yellow on 
dilution with water. Thioflavine T is used for dyeing silk and cotton 
roord anted with tannin; the shades so obtained are a fine greenish- 
yellow which on silk exhibit a green fluorescence. In addition to 
Thioflavine T, Messrs. Cassella and Co. have introduced another mark, 
Thioflavine TCN. 

Thioflavine S is a yellow dyestuff of acid properties which results 
from the methylation of dehydrothio-^-toluidine-sulphonic add. The 
dyestuff is a sulphonic acid salt which is sold in the form of a yellow 
powder, soluble in water and alcohol with a yellow colour, the solution 
ro the latter possessing a green fluorescence. The addition of sodium 
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hydroxide causes no change in the aqueous solution, but hydrochloric 
acid throws down an orange-yellow precipitate. The dyestuff dissolves 
in strong sulphuric acid to a brownish-yellow solution from which an 
orange precipitate separates on dilution with water. Thioflavine S 
dyes unmordanted cotton from an alkaline bath, but the shades pro- 
duced are not fast to light or adds, though they resist alkalies fairly 
well. They are unaffected by reducing agents and cannot be stripped 
from the fibre. 

Clayton Yellow {Tkiazole YellmS ). — While dehydrothiotoluidine 
and its sulphonic acid may be diazotised and coupled with naphthols, 
etc., it is also capable of combining with diazotised bases, though 
possibly the substances formed in this way are diazo-amino-compounds 
as they are not capable of further diazotisation. Clayton Yellow comes 
in this dass; it is produced by the combination of diazotised dehydro- 
thiotoluidine-sulphonic acid with the non-diazotised acid. It dyes 
unmordanted cotton a fine yellow from an alkaline bath. 

Erica is. obtained by the diazotisation of dehydrothio-?«-xylidine 
and coupling with a-naphtholdisulphonic acid-c. It is a red dyestuff 
used on unmordanted cotton. It gives a violet colour with concen- 
trated sulphuric acid and is slowly decolourised by stannous chloride 
in hydrochloric acid solution. 

Sulphur Dyes. — The first dyestuffs of this class were discovered in 
1873 by Croissant and Bretonni^re who produced them by heating a 
variety of organic substances either with alkaline sulphides or a 
mixture of sulphur and sodium hydroxide; among the materials used, 
sawdust, bran, straw and excrement may be mentioned. 

Cachou de Laval, as the resulting dyestuff was called, received 
considerable application despite its unjjleasant smell. It is soluble in 
water, but is precipitated on prolonged boiling. It appears to behave 
like a reduced colouring matter which is developed by means of 
oxidation. It yields brown and greyish-brown colours on cotton, 
which serve as a bottom shade and mordant for other adjective dye- 
stuffs. The shades obtained are quite fast to light and exceedingly 
fast to soap. On the addition of acids to the dyestuff, hydrogen sul- 
phide is liberated, and the colouring matter together with sulphur is 
precipitated. Cachou de Laval S is the dyestuff purified from excess 
of alkaline sulphide. It is used in calico-printing. 

After this, practically no progress was made for almost 20 years, 
when Vidal discovered that useful black dyestuffs might be. produced 
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by the action of sodium sulphide and sulphur on ^-aminophenol and 
^-phenylenediamine. This was followed by patents on all sides 
aromatic compounds alone being employed; and with regard to the 
production of Cachou de Laval^ it is worth noting that Wichelhaus 
{Ber., 1907, 40, 126) draws attention to the observation of Cross and 
Bevan (Cellulose, ed. 1903, p. 68) that cellulose gives rise to phenols 
on heating, so that even Cachou de Laval may well possess an aromatic 
structure. 

The manner in which the sulphur is combined in these compounds 
is not quite certain; very possibly in the Immedial Yellow group some, 
at least, of the sulphur is present in a thiazole ring, especially considering 
the fact that the dyes of this class are prepared by the action at a fairly 
high temperature of sulphur on w-diamines in which an alkyl group is 
situated in the ortho-position to one of the amino-groups. 

In the case of the Immedial Pure Blue dyes it is possible that a thia- 
zinc ring is produced, but in any case there seems to be a concensus of 
opinion that in the sulphur dyes 2 or more molecules of a simple 
character are linked together by a disulphide grouping (-S-S-) and that 
when dissolved in alkaline sulphides, some at least of these linkages 
are split with formation of -SNa groups. In fact, one of the most 
characteristic properties of the sulphur dyes is the way in which they 
dissolve more or less easily in sodium sulphide, from which solutions 
they may be reprecipitated either by acids or air-blowing. Nietzki 
considers it probable that they are contained in the alkaline sulphide 
solutions in the form of leuco-compounds. So far, the dyestuffs as 
separated by the action of air or carbon dioxide have not been obtained 
in a crystalline condition. 

Another view as to the manner in which sulphur is contained in 
these dyestuffs has been advanced by H. Erdmann {Annaletiy 1908, 
3^2, 13^-178) ^ho considers the reactivity of molten sulphur to 
depend on the existence of “thiozone,” Sg, molecules. A ring, 

■ 

IS supposed to be produced which apparently possesses 

chromophoric and substantive properties. 

Nietzki {Organische Farbstofe^ 1906, p. 292) divides the sulphur 
dyes into 6 groups; the classification is perhaps somewhat provisional 
but nevertheless useful. 
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I. Immedial Yellow Group. 

These dyes are produced from w-diamines containing a side chain 
(especially w-toiylene-diamine 1:2 14), various formyl- and acetyl- 
derivatives and also nitroformyl- and nitroacetyl-compounds. On 
fusing these with sulphur at fairly high temperatures, difficultly soluble 
compounds are produced which are, however, rendered soluble by 
heating with concentrated solutions of sodium sulphide. Adds pre- 
cipitate the dyestuffs from these solutions, but they are now in condition 
to dissolve easily in dilute solutions of sodium sulphide, and may be 
fixed on cotton as substantive dyes. 

From the method of preparation it might appear probable that the 
the dyestuffs of this class are amino-derivatives of dehydrothio-tolui- 
dine seeing that w-tolylenediamine is the monoamino- derivative of 
/7-toluidine, but any assumption of this sort has to be made with caution 
as possibly the sulphur to a certain extent displaces nitrogen and 
during the fusion ammonia is evolved. 

Pyrogene Yellow M (the first yellow dyestuff of the group) and 
Fyrogent Olive N are protected by the German patent 135,335 of the 
Gesellschaft fiir chemische Industrie in Basel which describes processes 
for heating various methylamino-, nitroamino-compounds, etc., with 
sulphur and alkaline sulphides or alkalies. 

Cassella’s Imm edial Yellow D is obtained from m-tolylene- 
diamine and sulphur at 190^ while at 250° Immedial Orange is pro- 
duced from the same materials. Eclipse Yellow (Geigy) from diformyl- 
m-tolylenedi amine and sulphur at 240°, and Tkion Yellow (Kalle 
& Co.) obtained by heating thio-w-tolylenediamine with sodium 
sulphide solution, belong to the same group. 

Other yellow sulphur dyes are Thioxine Yellow G and Thioxine 
Orange of the Chemische Fdbrik Griesheim-Elektron. The former, a 
yellow-brown powder, dissolves slightly in concentrated sulphuric acid 
with yellow colour giving an orange precipitate on dilution while it is 
insoluble in sodium hydroxide. The latter is a reddish-brown powder, 
slightly soluble in sulphuric acid and insoluble in sodium hydroxide. 

Eclipse brown is obtained by heating m-tolylenediamine and 
oxalic acid with polysulphides, 

2. Vidal Black Group. 

Vidal claimed the fusion of a large number of organic compounds 
with polysulphides for the preparation of dyestuffs, but apparently 
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only ^-aminophenol and dinitrophenol were applied in practice. The 
black from p-aminophenol was soon displaced by ImmedicU Black; on 
the other hand the black from dinitrophenol has proved a very valuable 
dye. Vidal Black for Colton gives a greenish-black solution with con- 
centrated sulphuric acid; it undergoes little alteration with concen- 
trated hydrochloric acid and is unaffected by the dilute acids. With 
nitric acid (sp. gr. 1.40) it fades to a grey, fades to bluish-green with 
sodium hydroxide (10%) and goes a dirty yellowish-brown with 
stannous chloride and hydrochloric acid. Vidal Black S for Cotton 
gives blue black and violet reactions with concentrated sulphuric and 
nitric acids respectively; its other reactions are similar to those already 
given. 


3. Immedial Black Group, 

The dyestuffs of this class are obtained by sulphurising derivatives 
of diphenylamine, Immedial Black being produced from />-hydroxy- 
£)'-^'-dinitrodiphenyl amine, a compound which results from the con- 
densation of />-aminophenoI with dinitrochloro benzene 
NOj 

HO<^ ])NH, + CK^^^NO, = H Cl + 

NO, 

HO( ^ )>NOa 

If during the process of sulphurising the temperature be kept low, 
Immedial Blue (not to be confused with the Immedial Pure Blue from 
/>-dimethylamino-^'-hydroxydiphenylamine) results. 

Inunedial Black V, the product from hydroxydinitrodiphenyl- 
amine, gives a bluish-grey with concentrated sulphuric acid, but under- 
goes little or no alteration with dilute acid or hydrochloric acid. Nitric 
acid (sp. gr. i .40) gives a bordeaux-red ; dilute alkalies have little action 
and it is decolourised by stannous chloride and hydrochloric acid. 

ktunedial Black N, obtained by the action of polysulphides on 
dinitrophenol is but slightly affected by the reagents mentioned. 

Sulphur Black T extra (A. G. fur Anilin Fabrikation, Berlin) is 
obtained from dinitrophenol and polysulphides in dilute aqueous solu- 
tion, while by careful fusion of the same materials the Gesellschaft 
fur Chemische Industrie in Basel obtain Thiophenol Black T extra. 
This, like the Pyrogene Black of the same firm, gives a violet-black 
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solution in concentrated sulphuric acid but practically no other reac- 
tions ^with acids and alkalies. 

The Thioxine Blacks (GBOOO, 3BOOO, RTOOO) of the 
Chemische Fabrik Griesheim-EIektron, form black powders used for 
cotton. They are insoluble in concentrated sulphuric acid, sparingly 
soluble in sodium hydroxide (52° Tw.) with a blue colour. 

Auronal Black (Weiler ter Meer) probably belongs to the same 
class, being produced by sulphurising p-aminodinitro-diphenyl amine 
in presence of glycerin. It is a direct cotton dye which gives a black- 
ish-green solution in concentrated sulphuric acid. * 

As mentioned above, a lower temperautre during the process of 
sulphurising leads to the production of blue dyestuffs from hydroxydi- 
nitrodiphenylamine. 

Immedial Blue C (Cassella) gives a green colour with nitric acid 
(sp. gr. 1.40); various marks (C, C extra cone. CB, CR, etc.) are sold. 
It is but little affected by other reagents. 

The Pyrogene Blues and Greys are produced by heating hydroxydi- 
nitrodiphenylaraine and indophenols under pressure with polysulphides 
in alcoholic solution. Pyrogene Blue RR gives a violet-black solution 
with concentrated sulphuric add and turns reddish with nitric acid 
(sp. gr. 1.40). 

Immedial Indone, oljtained from the Indophenol produced by 
oxidising o-toluidine with ^-aminophenol, is placed on the market in 
various marks. Mark R gives a deep blue solution in concentrated 
sulphuric add, bluish-violet on dilution; it turns redder with nitric 
acid, 

Pyrogene Indigo is obtained by heating the indophenol 
C4H4.-N : 0^114: 0 with polysulphides. 

4. Immedial Pure Blue Group. 

The colouring matters of this group are closely related to the 
thiazines (Methylene Blue, etc.). The Gesellschaft fiir Chemische 
Industrie in Basel found that beautiful blue dyes resulted by heating 
the indophenol 

(CH3)2N.C«H4.N:C,H4:0 

with polysulphides, and Cassella & Co. discovered that by keeping a 
low temperature and in presence of a considerable amount of water a 
pure blue dyestuff (Immedial Pure Blue or Pyrogene Blue) was obtained. 
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Tbe colouring matters of this group differ from the Immedial Blacks 
by containing i nitrogen atom less. 

These dyes belong to the Thiazine Series, as shown by the researches 
of R. Gnehm and F. Kaufler {Ber.j 1904, 37, 2617, 3032). Immedial 
Pure Blue was obtained according to the directions of German patent 
134,947 by fusing /?-dimethylamino-/>'-hydroxydiphcnylamine with 
sulphur and purified by means of the hydrochloride of the leuco- 
compound. Bromination, effected by heating to 1 15-125 with hydro- 
bromic acid and potassium bromate, gave a substance Ci^HgONjSBr^ 
identical with that obtained from Bemthsen’s Methylene Violet, hence 
there is little doubt that its constitution must be expressed by the 
structural formula 



This result, combined with the fact that a sulphur dye having the 
properties of Immedial Pure Blue results by the oxidation of dimethyl- 
/)-phenylenediamine-thiosul phonic acid in presence of o-thiophenol or 
the corresponding dihydroxy diphenyl disulphide in alkaline solution, 
make it very probable that the actual Immedial Pure Blue colouring 
matter is the disulphide corresponding to the mercaptan 



N 


A, Bemthsen (C/ww. Zeit., 1908, 32, 956) confirms the formation of 
blue sulphide dyestuffs when Methylene Violet is heated with sodium 
sulphide, but draws attention to the lack of proof that the Methylene 
violet nucleus remains intact. 

Immedial Pure Blue gives a bluish-violet solution in concentrated 
sulphuric acid going to blue on dilution, nitric acid (sp. gr. 1.3) a 
violet colour; on the fibre it is immediately decolourised (pale yellow) 
by stannous chloride and hydrochloric acid. 
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5. Phenazine Derivatives. 

A large number of dyes have been obtained by the action of alkaline 
sulphides and sulphur on aminohydroxyphenazines (Safraninone) and 
allied compounds. These substances almost certainly contain the 
original azine ring intact, the result of sulphurising being the introduc- 
tion of mercaptan groups (readily oxidisable to disulphides). Among 
dyestuffs of this class the Thiogme Purple and Tkiogene Dark Red (G 
and R-) of Meister, Lucius and Briining, the Immedial Bordeaux {G 
and GF) and Immedial Maroon B of Cassell a, Bayer’s Catigene Red- 
brown and Geigy’s Eclipse Red may be mentioned. 

6. Dyestuffs From i :5-and i :8-Dinitronaphthalene. 

One of the most important dyes of this group is the Fast Black B 
of the Badische Co., obtained by heating dinitranaphthalene with 
sodium sulphide in aqueous solution. It is worth noting that about 
30 years ago Rudolf Bottger observed the production of a violet cotton 
dye by treating dinitronaphthalene with sodium sulphide, while fast 
black may also be obtained from the intermediate products of the 
preparation of naphthazarine and from various naphthaquinoneimides. 
Melanogene Blue (Meister, Lucius and Briining) which is obtained 
from 1 :5-dinitronaphthalene and alkaline polysulphides must also be 
mentioned here. 

Reference must be made also to the sulphur greens which result from 
the fusion of various indophenols with polysulphides in presence of 
copper compounds; the Gesellschaft fur Chemische Industrie in 
Basel prepares Pyrogene Green (B, FB, BB, 2G, 3G) and Pyrogene Dark 
Green B by sulphurising />-aminophenol and its substitution derivatives 
with sodium sulphide and sulphur in presence of copper. 

Further, a number of dyestuffs in addition to Cachou de Laval, are 
obtained by sulphurising saw-dust, bran, etc.; one may mention 
Pyrogene Brown D, Catigene Black Brmvn N, Cryogetie Brown, Catiu 
italiano, etc. 

Cryogene Brown gives a dirty brown with concentrated sulphuric 
acid and nitric acid (sp. gr. 1.40), it is unaltered by 10% sodium hy- 
droxide and changes to a light brown with stannous chloride and 
hydrochloric acid. 

WitlT regard to the names used for the sulphur dyestuffs, it has 
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probably been noted that the same prefix frequently occurs and that 
this relates, not to the materials from which the dyestuff is produced, 
but to the firm by which it is manufactured. Appended is a short list 
of these prefixes: 

Catigene Bayer &: Co. (Elberfeld). 

Clayton Clayton Aniline Co. (Manchester). 

Cryogene Badische Anilin- und Soda>Fabiik. 

Eclipse Gei^ (Basel). 

Inunedial L. Cassella & Co. (Frankfurt). 

Melanogtoe Master^ Ludus & Enining (Hochst a/M). 

Pyrogene Gesellschaft fur Chemische Industrie (Basel). 

Ttdogene Meister, Lucius & Briining. 

Thion Kalle &Co. (Biebrich). 

Thiophor Jager. 

Thioxine Chemische Fabrik Griesheim-Elektron (Frankfurt). 




COLOURING MATTERS OF NATURAL 
ORIGIN. 


By prof. W. M. GARDNER, M. Sc. 

The colouring principles from which natural colouring may be 
derived are very widely distributed in the vegetable kingdom. Natural 
colouring matters have been used by the natives of countries to which 
they are indigenous from very early times. Very few important 
natural dyes, however, are native to Europe, but a considerable 
number were imported in large quantities from the tropics prior to the 
introduction of the coal-tar dyes. Although the natural dyes have 
been to a great extent replaced by coal-tar derivatives, the use of cer- 
tain natural products is still very prevalent, those now chiefly employed 
being indigo, logwood, and fustic, but a number of others still And 
considerable application for special purposes, and among these may 
be mentioned cochineal, orchil, madder, catechu, and turmeric. 

Some natural dyestuffs, for example cochineal, are used with- 
out any previous preparation. In other cases the natural product 
undergoes a certain preliminary treatment, as in the “ageing” of 
logwood; while the preparation of commercial indigo involves a 
more complex treatment of the product formed by natural processes. 

The colouring matter present in a natural dye is usually associated 
in the commercial product with a considerable amount of organic 
extractive matter, inert vegetable matter, mineral matter, etc. An exact 
estimation of these products is thus frequently a matter of great 
difficulty, and since the secondary substances usually have an influ- 
ence, adverse or otherwise, on the use of the dyestuff, a small scale 
experiment in dyeing or printing, carried out as far as practicable under 
the conditions in which the material will be used in practice, is very 
often the most satisfactory means of estimating the commercial value 
of a natural dyestuff. Special methods are, however, available in 
certain cases, and such will be described under their proper headings. 
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INDIGO. 

Indigo has long been regarded as the most valuable and important 
of all dyestuffs. Certain species of indigo plant are found in most 
tropical countries, and have been used by the natives of these countries 
as dyes or stains from time immemorial. ' The largest amount of 
indigo is produced in the Indian provinces of Bengal, Oudh, and 
Madras, but it is also cultivated in China, Japan, Java, Manilla, 
Central America, Brazil, and certain parts of Africa. Each of these 
cormtries exports its own special commercial brands, which are 
distinguishable by experienced buyers by reason of their physical 
properties. 

The indigo -yielding plants do not all belong to the same botanical 
family, but the most important commercial varieties are all species 
of the genus Indigo/ era. I. Sumatrana is the species chiefly culti- 
vated in India, though it is now being replaced by the Javanese plant 
/. Arrecta, from which a better yield is obtained. 

The Isatis Tinctoria or woad plant is the European indigo plant, 
but is not now cultivated as a source of the dye, although it is still 
grown in England and Belgium, and, after preparation, used in the 
woad indigo vat to assist fermentation. 

Preparation of Indigo. 

The indigo plant is grown from seed each year, being cut down 
when the flowers begin to open, fresh shoots springing from the roots. 
The indigo-producing substance resides principally in the leaves. 

Indigotin, the real colouring matter, does not exist in the plant, but 
is produced by the decomposition of a glucoside, indican, 

A method of preparing this substance from the plant in quantity 
has recently been described. (A. G. Perkin and W. P. Bloxam, 
Trans., rgoj, 91, 1715). 

To obtain indigo from the plant, the freshly cut plants are extracted 
with water in “ steeping vats.” Fermentation ensues, and the extracted 
indican is decomposed by a specific enzyme present in the plant. The 
liquid is then run into “beating vats” where it is agitated, and atmos- 
pheric oxidation changes the yellow colour of the liquid to green, and 
finally the indigo separates in flakes. The indigo pulp is collected 
and boiled with water to prevent secondary fermentation, and ts 
finally pressed into cakes and dried at a low temperature. 
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The quality and yield of indigo obtained depend greatly not only 
on the quality of the plant, but also on the skill brought to bear in the 
manufacturing process, and latterly by increased attention to these as 
well as to selection of seed, manuring of crops, etc., much better 
yields have been obtained. 

Associated with the blue colouring matter there is usually from i to 
5% of a red colouring matter, Indirubin, which is also produced by the 
decomposition of indican. The amount of this red dye is increased by 
the addition of alkali to the steeping vats. Indican is a glucoside, 
and produces dextrose on decomposition, some brown amorphous 
product is also invariably formed. 

Rawson states that the average amount of indigo produced from 100 
pounds of fresh plant is about 4 ounces. 

The glucoside, indican, was first isolated by Schunck 

in 1850. It is a pale-coloured amorphous substance, soluble in water, 
alcohol, and ether. It has a bitter taste, and a slight acid reaction. It 
crystallises from water with 3H2O and in this condition its m. p. is 
57-58°. When heated to 100°, it becomes anhydrous. It melts at 
176-178°. 

Indican has been shown by Hazewinkel {Proc. K, Akad. Wetensch. 
Avuterdam, 1900, 2, 512) to be a glucoside of indoxyl, the sugar 
obtained from it being dextrose. The normal decomposition of indi- 
can results in the formation of indigotin by oxidation of indoxyl, but 
by combination of the latter with isaUn, indirubin is formed. 

Another secondary change results in formation of the brown amor- 
phous products by the condensation of indoxyl. The main browm 
product of this condensation has been named by Perkin {Trans., 1907, 
91, 1728) indoxyl brown and has a percentage composition almost 
identical with that of the main constituent of indigo brown, which it 
closely resembles. 

A substance allied to indican occurs under certain conditions in urine 
and gives rise to a blue colouration owing to the formation of 
Indigotin. 

The amount of indican in the leaves of the indigo plant may be 
estimated by decomposing the glucoside extracted from the leaves, by 
sulphuric acid and combining the indoxyl thus formed with isatin 
lo form indirubin {Trans., 1907, 91, 4) or by oxidising the indoxyl to 
indigotin by means of ammonium persulphate {Trans., i 907 » 9 ^> 1728). 


VOL. V.— 25 
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Constituents of Indigo. 

Indigotin, CigHjoOaNj, has the constitution 

/CO\ /°\ 

C,H, C;C C,H,. 

\nh/ \nh/ 

It is the true colouring matter of indigo, from which it may be prepared 
in a variety of ways, but for analytical purposes it is best prepared 
from synthetic indigo, such as Indigo Pure, (b. A. s. F.). This prod- 
uct is boiled with a io% solution of pure sulphuric acid several times, 
then well washed with water. It is now reduced with sodium hydro- 
sulphite in the presence of sodium hydroxide, the solution filtered, and 
the indigotin re-oxidised by a current of air. The precipitate is col- 
lected, washed with dilute hydrochloric acid, then with alcohol, and 
dried. It is finally recrystallised from boiling glacial acetic acid, the 
crystals being washed with alcohol, ether, dilute hydrochloric acid, 
and lastly with winter, and then dried at 105° 

An equally pure product may be obtained according to Gaunt, 
Thomas, andBloxam [J.Soc.Chem. Ind., 1907, 26,1174) by sublimation. 
A Jena flask containing the indigo is heated to a temperature of 420° 
in a bath of fusible metal, a high vacuum being maintained in the 
flask. The crystals of sublimed indigotin which collect in the upper 
portion of the flask are finally purified by recrystallising from glacial 
acetic acid as above described. 

Pure indigotin forms dark blue or purple needles which exhibit a 
coppery lustre. When powdered it possesses a deep blue colour and 
assumes a bronzy lustre when rubbed. Its sp.gr. is 1.35. When 
heated, it sublimes at about 290°, the vapour possessing a beautiful 
red-violet colour, but in the presence of air considerable decomposition 
occurs. In an inert gas it volatilises unchanged. When submitted 
to dry distillation it decomposes; yielding aniline as chief product. 

Indigotin is a neutral substance and is quite stable at ordinary tem- 
peratures; it has neither taste nor smell, and is insoluble in water, cold 
alcohol, ether, dilute acids, and alkalies, and fatty oils. It is slightly 
soluble in boiling alcohol with a blue colour, but is again deposited on 
cooling. It is also slightly soluble in phenol, carbon disulphide, or 
chloroform, but the best solvents are glacial acetic acid, nitrobenzene, 
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quinoline, and aniline. The addition of i or 2 drops of sulphuric 
acid greatly increases the solvent action of glacial acetic acid, 
and from this solution the indigotin may be reprecipitated on dilution 
with water. Boiling paraffin dissolves indigotin with a magenta 
colour. 

Concentrated sulphuric acid completely dissolves indigotin, sulph- 
onation occurring. The product formed is either the mono-, di-, tri-, 
or tetra-sul phonic acid, according to the conditions. 

When subjected to the action of oxidising agents such as dilute 
nitric acid, chromic acid, etc., in the presence of water, indigotin is 
converted into isatin (C8H5NO2). With hot nitric acid it forms nitro- 
salicylic acid, CgH3(0H)(N02)C00H, or picric acid, CgH2(OH)- 
(N02)3, according to the conditions. Further oxidation products, 
such as oxalic acid and carbondioxide are also formed. 

If indigotin is heated with reducing agents in the presence of alkali 
hydroxide, it is reduced to indigo n'hite (C1QHJ2N2O2), but if the heat- 
ing be long continued secondary changes take place with the production 
of a dark red substance, C32H22N4O4, allied to fiavindihe (CgjHj^NiOj) 
(Giraud, Btill.Soc. Chim.^ 1880, 34, 530). 

Indigo White, or Reduced Indigo (Ci6Hi2N202).~-This sub- 
stance, produced by the action of reducing agents on indigotin, is a 
greyish-white, amorphous, tasteless, and odourless substance. It is 
insoluble in water or dilute acids, but is soluble in alcohol, ether, and 
alkaline solutions, with a yellow colour. On exposure to air its 
solutions absorb oxygen, becoming at first green, and finally blue, 
with reproduction and separation of indigotin. Alkaline solutions of 
indigo white give white precipitates with salts of alumina, zinc, 
magnesia, or lead, and with stannous, ferrous, and manganous salts. 
It forms two compounds with lime, one soluble, the other insoluble 
in water. 

The use of indigo in dyeing by the v'at method is based upon the 
production of an alkaline solution of indigo white, with which the 
material is saturated, the indigo blue being then reproduced on the 
fibre by air oxidation. 

Indigotin Sulphonic Acids. — The monosulphonic acid, C^gHg- 
^202(80311), also known as sulphopurpuric acid, is obtained 
fiy mixing i part of indigotin with 4 parts of concentrated sulphuric 
acid, and allowing the mixture to stand for half an hour. On diluting 
with water a fine purplish-blue precipitate is formed, which is slightly 
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soluble in water. The sodium salt which also is slightly soluble in 
water has been used in dyeing under the name of “indigo purple/’ or 
“red indigo carmine.” 

Indigotin disulphonic acid, CiaH8lSr202(S03H)2, also known as 
sulphindigotic acid, is produced by the further action of sulphuric acid, 
I part of indigotin being heated to 90° for half an hour with 10 to 12 
parts of concentrated sulphuric acid. On diluting with water any 
monosulphonic acid present is precipitated. The disulphonic acid 
may be purified by adding a saturated solution of common salt, w'hich 
causes a precipitate of sodium disulphindigotate. It forms an in- 
soluble lead compound, from which the free acid may be separated by 
hydrogen sulphide. It is easily soluble in water, and (like the mono- 
sulphonic acid) is rapidly destroyed by oxidising agents or converted 
into a leuco-compound by reducing agents. When treated with strong 
sodium hydroxide or ammonia, it produces first green, and then yellow 
substances, of which little is known. 

Sulphindigotic acid is largely used in dyeing in the form of its sodium 
salt, which is known as “indigo carmine,” or “indigo extract.” It is 
sold as a bronze-blue powder or as a paste. Indigo extracts are 
estimated by dyeing trials or by titration with permanganate (see 
page 396). 

Indigotin tri- and tetrasulphonic acids are produced by the action 
of fuming sulphuric acid on indigotin, the latter being formed by 
heating indigotin with fuming sulphuric acid (25% SO 3) for 20 
minutes at 96-98® (W. P. Bloxam, J. Soc. Chem. Ind., 1906, 25, 736). 

Both the di- and tetra-sulphonic acids are made use of in purifying 
commercial indigos for analysis. 

Indirubin or Indigo Red, This substance, which is 

isomeric with indigotin, is produced in small amount in the ordinary 
process of manufacturing indigo. Like indigotin it is formed from 
indican, a portion of the indoxyl produced by the hydrolysis being 
oxidised to isatin which then combines with indoxyl to produce 
indirubin, this change being facilitated by the presence of alkali- 
When pure, indirubin forms brownish -red needles, which sublime at 
140®. Like indigotin it is insoluble in water, alkali, or dilute acids, 
but is much more soluble in alcohol than indigo blue, and is also 
somewhat readily soluble in (commercial) acetone or. in pyridine. 
Concentrated sulphuric’ acid converts it into a disulphonic acid- 
Toward reducing agents it behaves similarly to indigo blue, being con- 
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verted into a compound analogous to indigo white, which is re-oxidised 
when exposed to the air. It is much less susceptible to the action of oxi- 
dising agents than indigotin, and when a mixture of the sulphonic acids 
is titrated with potassium permanganate, the whole of the indigotin 
disulphonic acid- is destroyed before the indirubin disulphonic acid is 
attacked. For the same reason, commercial indigo containing indigo 
red is unsuitable for producing white discharge patterns. 

Indirubin produces crimson shades in dyeing by the vat method, but 
if the vat contains an excess of alkali the indirubin white compound 
undergoes an intermolecular change and is slowly converted into^ in- 
digotin white, which on oxidation produces indigo blue. 

Indirubin sulphonic acid dyes wool a crimson shade, which is much 
faster to light than the ordinary indigo-extract dyes. 

Indigo Brown. — Brown substances are always present in com- 
mercial indigo. They were named by Schunck, indiretin and indi- 
humin, and are formed by secondary decomposition of indican. The 
brown matter is soluble in sodium hydroxide solution and in concen- 
trated sulphuric acid. 

Rawson states that the longer the liquid is allowed to stand after 
extraction from the plants before oxidising, the greater the amount of 
brown produced at the expense of indigo blue (/. Soc. Chem. Ind,^ 
1907, 26, 279). Perkin and Bloxam {Trans.^ 1907, 91, 281) have 
analysed indigo brown and have obtained figures corresponding with 
the formula They found pyridine to be practically its 

only solvent, and considered that indigo brown is derived by the 
condensation of indoxyl produced from indican in the steeping vats. 

Indigo Yellow. — This substance is frequently present in com- 
mercial indigo, particularly Java indigo (Rawson, J. Soc. Chem. Ind.^ 
1899, 18, 251). It is almost insoluble in water or in dilute acids, but 
is soluble in concentrated sulphuric acid or in glacial acetic acid. 
It is easily soluble in alkalies from which solutions dilute acids throw 
down a pale yellow precipitate. It is soluble in alcohol and ether. 
It sublimes at a low temperature with much decomposition; it dyes 
wool mordanted with potassium dichromate a yellow shade resembling 
that given by weld. It does not dye in the vat. 

A. G. Perkin {J.Soc. Chem. /«d., 1907, 26, 435) has sho\\Ti that this 
substance is identical with kmmpferol^ Indigo yellow is 

liable to cause errors in indigo estimations unless previously 
eliminated. 
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Synthetic Indigo. — The synthesis of indigo was first completed by 
Baeyer in 1878, (^-ariiinophenylacetic acid being converted into indoxyl, 
from which isatin was formed. The conversion of this substance into 
indigotin had been previously achieved by Baeyer and Emmerling 
in 1870. 

Somewhat later Baeyer prepared indigotin from cinnamic acid, and 
in 1882, in conjunction with Drewsen, he published anew synthesis, 
in which indigotin was obtained from o-nitrobenzaldehyde by treat- 
ment mth acetic aldehyde in the presence of alkali hydroxide. 

In 1893 Kalle & Co. put on the market a product named ^‘indigo 
salt,” which is the sodium bisulphite compound of o-nitrophenyl- 
lactone. This was used to a limited extent in calico-printing. 

In 1890 Heumann’s synthesis from phenylglycocol was published, 
and this was gradually developed into a commercially successful pro- 
cess by the Badische Anilin und Soda Fabrik, who placed their product, 
'Tndigo Pure” on the market in 1897. 

This firm, and others now manufacture synthetic indigo on an 
enormous scale. 

Indirubin has also been produced synthetically, and has been put 
on the market both as an independent product and admixed with 
indigotin as in natural indigo. It is not much employed. 

A very interesting account of the history of the development of the 
manufacture of synthetic indigo was published in the Berichie by Dr. 
Brunck in October, 1900 (J.Soc. Dyers and Colourists^ ipoi? I 7 » ^ 57 )- 

Synthetic indigo is placed on the market as a blue powder of about 
98% purity and as a paste containing 20% of indigotin. The chem- 
ical and dyeing properties of the product are identical with those of 
natural indigo. 

Commercial Varieties of Indigo. 

Natural indigo is sold in a large number of well distinguished com- 
mercial varieties, which differ widely in appearance, character, amount 
of impurities, percentage of colouring matter, proportion of indigo red, 
etc. The varieties are distinguished by names indicating their origin. 
For example: Bengal, Java, Guatemala, Caracas, Madras, Manilla, 
Oudh, Egyptian, etc., and by long experience buyers have become 
very expert in distinguishing samples by consideration of their physical 
characteristics, such as colour, weight, porosity, friability, appearance 
when rubbed, etc. 
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A precise estimation of the amount of colouring matter contained is, 
however, readily carried out, and such should always’ be made. 

Examination of Indigo. — The useful constituent in commercial 
indigo, indigotin, varies in amount in different samples from 30 to 80%. 
The only other useful constituent is indirubin, which is present in 
amount varying from less than 1% to 10%. There is also present 
indigo-brown, a glutinous substance named indigluten, with other 
organic impurities, moisture, and mineral matter. 

Estimation of Moisture. — 0.5 grm. of the finely powdered sample 
is dried to constant weight at a temperature of 105°. 

Estimation of Mineral Matter. — i grm. of the finely ground sample 
is carefully ignited. In the case of pure qualities the ash is fre- 
quently as low as 3%, but in inferior kinds the amount may reach as 
much as 25 to 30%. 

Estimation of Indigotin, — A large number of different methods 
have been proposed for estimating the percentage of indigotin in 
commercial indigo. They may be conveniently classified as follows: 

(a) Colorimetric tests. 

(b) Comparative dyeing trials 

(c) Extraction by solvents. 

(d) Sublimation. 

(e) Oxidation tests. 

(f) Reduction tests. 

Of these, the two latter only need be considered in any detail, but 
short reference will be made to the others. 

(a) Colorimetric Tests. 

Equal weights of pure indigotin and of the sample under examina- 
tion are dissolved in sulphuric acid. The sulphlndigotic acid is purified 
(see oxidation tests) and the relative intensity of colour of the solutions 
determined in a Dubose colorimeter or Lovibond 's tintometer. This 
method of estimation is liable to inaccuracies due to coloured impuri- 
ties in the natural indigo, which are difficult to remove. It is also 
affected by any difference in amount of indigo red in the standard and 
in the sample. C. H. Wolff (/. Soc, Cheni. hid., 1884, 3» CSb) states 
that this difficulty can be avoided by observing the absorption-spec- 
trum (i in 800,000). 
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(b) Comparative Dyeing Trials. 

The samples of indigo are dissolved in sulphuric acid and made into 
standard solutions (see oxidation tests, page 396) containing i grm. of 
the sample per litre, 10 grm, of wool are then dyed with 500 c.c. 
water containing 50 c,c. of the solution with the addition of 2 c.c. of 
10% sulphuric acid. The dyed patterns are compared with standard 
patterns dyed in a similar manner with solutions of pure indigo tin. 

Grossmann (/. Soc. Dyers and Colourists^ 1897, 13, 124) proposes a 
special form of apparatus for carrying out these tests. 

Dyeing trials are subject to the same inaccuracies as colorimetric 
tests. 


(c) Extraction by Solvents. 

A large number of processes for estimating indigotin have been 
based on the extraction of the indigotin by volatile solvents. 

Extraction by Aniline. — Hoenig^s process {Zeilschr, angw, 

1889, 10) is as follows: 0.8 rag. of indigo is mixed wdth 2.5 grm, finely 
powdered dry pumice stone. The mixture is extracted with 50 c.c 
of aniline oil in a Zulkovsky-Wolfbauer apparatus for i hour. The 
mass is then removed, washed with alcohol, dried, powdered, returned 
to the apparatus, and extracted a second time. The mixed extracts 
are evaporated in an oil bath to about 10 c.c. then mixed with 50 c.c. 
of absolute alcohol. The precipitated indigotin is collected on a 
weighed filter, washed with alcohol, dried at and weighed. 

The method is not very accurate. 

Brandt {Rev. Gin. Mat. Col.y 1897, i, 43) similarly extracts \rith 
aniline oil in a Soxhlet apparatus. After extraction the aniline is 
removed by treatment with dilute hydrochloric acid and the indigo 
collected on a tared filter, washed with boiling water, then with cold 
alcohol, dried, and weighed. 

Extraction by Phenol. —Brandt (Rev. Gin. Mat. Col., 1898, 2, 26) 
later states that extraction with aniline destroys a portion of the 
indigotin, and proposes to use 30 grm. of phenol for 0.2 grm. indigo. 
The extraction is complete in half an hour. After cooling, a solution 
of 20 grm. of sodium hydroxide in 250 c.c. water is added, the indigo 
is collected on a tared filter, washed with boiling water until neutral, 
then with alcohol, and dried. 
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Extraction by Naphthalene.— Schneider {Zeitschr, anal. Chem., 
1895, 34, 347) extracts i grm. indigo with 50 grm. naphthalene, until the 
drops which fall from the extractor are colourless. After cooling, the 
indigo tin is precipitated by adding ether, then collected, washed with 
ether, dried, and weighed. The extraction occupies 5-6 hours, and a 
certain amount of destruction of indigotin occurs, for which a correc- 
tion ammounting to 0. 1-0.4% js made. The whole of the materials 
and apparatus must be carefully dried to avoid the danger of explosion. 

Extraction by Nitrobenzene. — Gerland {J.Soc. Chem. Ind.j 1896, 
15, 17; 1897, ib, 108) has devised a simple apparatus for extracting 
indigo with nitrobenzene. 0.5 grm. indigo is placed in a filtering tube 
and extracted with 25 c.c. nitrobenzene for i hour. The indigotin 
separates in beautiful crystals, only a small proportion remaining in 
solution; to save the trouble of recovering this, nitrobenzene saturated 
with indigotin in the cold is used for the extraction. The indigotin is 
collected on a tared filter, washed with benzene, and dried. Although 
apparently pure, the crystals contain 3-6% impurity, and a prolonged 
treatment with hydrochloric acid containing a little hydrogen peroxide 
is necessary before weighing. 

Extraction by Acetic Acid. — Brylinski {Rev. Gen. ^fat. Col.j 
1898, 2, 52) extracts 0.2 grm. of indigo with 50 c.c. glacial acetic acid in 
a Soxhlet flask, using a thimble filter. The acetic acid is boiled by a 
free flame, and the extraction continued until the solvent passes 
through colourless. After cooling the acetic acid is diluted ^vith four 
times its volume of water, which precipitates the indigotin in flakes. 
The liquid is passed through a tared filter and the indigotin washed 
first with boiling water, then with alcohol, finally ^vith ether, dried 
and weighed. 

(d) Sublimation of the Indigotin. 

No satisfactory quantitative results can be obtained by this process. 

(e) Oxidation Process. 

In these processes the indigotin is first converted into a sulphonic 
acid, which is purified if necessary, made into a standard solution, and 
and a portion then titrated with a standard solution of some suitable 
oxidising agent such as potassium permanganate; the o.xidising agent 
being itself standardised by means of a solution of pure indigotin. 

The process involves four stages; (i) preparation of the sample; (2) 
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dissolving the indigo in sulphuric acid; (3) purification of the sulphonic 
acid; (4) titration with a standard oxidising agent. This method of 
estimating indigotin has been mainly developed by Rawson, who 
originally proposed the permanganate method (/. Soc, Dyers and CoL^ 
1885, I, 74). 

(1) Preparation of the Sample. — Since various chests of the same 
manufacture or even various lumps in the same chest of indigo may 
differ in percentage of colouring matter, as great a variety of samples 
as possible should be obtained from the bulk. These should be 
coarsely ground, well mixed, and a small portion finely ground to an 
inpalpable powder. Moisture should then be estimated by drying at 
105, and the dried sample used for Process 2. 

(2) Dissolving the Indigo in Sulphuric Acid.— Rawson mixes 
0.5 grm. of the finely powdered indigo wdth its own weight of ground 
glass in a small mortar. The mixture is gradually added to 20 c.c. of 
concentrated sulphuric acid contained in a cylindrical porcelain crucible 
(capacity 30 c.c.) constantly stirring with a glass rod. The mortar is 
rinsed with a little powdered glass w'hich is added to the mixture and 
the crucible is heated for i hour in a water oven at 70^. Under 
these conditions indigotindisulphonic acid is exclusively formed. The 
mass is diluted with water, made up to 500 c.c. and filtered to remove 
the glass and certain insoluble impurities. 

Instead of the crucible, Schulten prefers the use of small glass- 
stoppered bottles which can be readily shaken, and recommends that 
the suphonation be carried out for 15 minutes at the temperature of 
the boiling water bath. 

Bloxam ( 7 . Soc. Ghent. Ind.^ 1906, 25, 735) recommends that the 
indigotin be converted into the tetrasulphonic acid, which eliminates 
the necessity for subsequently purifying the sulphonic acid by salting 
out as described in Process 3. i grm, of indigo is mixed with 
2-3 grm. of sand, and placed in a t-oz. spouted beaker. 5 c.c. of 
fuming sulphuric acid (25% SO5) are added and the mixture stiried 
with a glass rod. The beaker is heated in the water oven for half an 
hour, then cooled, and the contents diluted to 500 c.c. 100 c.c. of this 
solution are mixed with 80 c.c. of a solution containing 4 50 grm. potassium 
acetate per litre. The mixture is warmed until the precipitate which is 
first formed redissolves. The solution is then cooled and left for 
I hour in a vessel containing ice and water. The potassium tetra- 
sulphonate which crystallises out is collected in a Gooch crucible and 
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gashed with an ice cold solution containing 225 grm. potassium 
acetate and 12 c.c. glacial acetic acid per litre. The precipitate is 
finally dissolved in hot water and the solution made up to 500 c.c. 

(3) Purification of the Disulphonic Acid.—Several of the 
impurities contained in natural indigo are rendered soluble by the 
sulphuric acid treatment, and thus appear in the final solution. They 
further react with potassium permanganate or other oxidising agent, 
and thus introduce errors into the estimation. Various methods of 
purifying the indigo tin disulphonic acid have therefore been suggested. 

Salting-out Method.— 50 c.c. of the filtered solution of indigd are 
mixed with 50 c.c. of water and 32 grm, of salt. The liquor which is 
thus almost saturated with salt is allowed to stand for i hour. The 
precipitated indigotin sodium disulphonate is collected and washed 
with about 50 c.c. of saturated salt solution. It is then dissolved in 
salt water, cooled, mixed with i c.c. sulphuric acid, diluted to 300 c.c. 
and titrated as described under 4, A correction amounting to 0.001 
grm. is required in order to allow for the small quantity of sodium 
indigotindisulphonate which dissolves in a saturated solution of 
common salt. 

Barium Chloride Process (Rawson, J. Soc. Chenu Ind,, 1899, 
18, 251), — After dissolving the indigo in sulphuric acid and diluting with 
water, but before making up to 500 c.c., 10 c.c. of a 20% solution of 
barium chloride are added. The solution is then diluted to 500 c.c. 
and well mixed. On standing, the barium sulphate formed subsides 
and carries down with it the suspended impurities. In 15 to 20 
minutes the clear solution may be withdrawn from the top of the flask 
for titration. 

Calcium Carbonate Process (Grossmann, J. Soc.Chetn. htd,, 1905, 
24, 308).— About 6 grm. of pure calcium carbonate is employed 
instead of the barium chloride in the last described process. 

Bergtheil and Briggs (J. Soc, Client. Ind.j 1906, 25, 729) state that 
^th barium chloride and calcium carbonate cause a precipitation of 
colouring matter, and suggest the use of freshly precipitated barium 
sulphate. According to these authors precipitation either with salt 
uf barium chloride gives satisfactory results. 

Ilonalh and Strasser (/. Soc, Client, Ind.^ 1894, 13, 426) propose to 
I’^niove the impurities by extracting the ground indigo in a Soxhlet 
Apparatus with dilute hydrochloric acid, hot w'ater, and finally with 
alcohol and ether, before solution in sulphuric acid. 
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(4) Titration with Standard Oxidising Solution.— Many oxidis- 
ing agents have been suggested for titrating indigo, but potassium 
permanganate solution is now universally preferred. 

Rawson recommends the following procedure: 50 c.c. of the sulph- 
indigotic solution after purification by one or other of the processes 
described under (3) are diluted to 300 cx. with distilled water and 
placed in a white porcelain dish. A solution of N/50 potassium 
permanganate (0.632 grm. per litre) is gradually run in from a 
burette until the liquor which at first becomes green, changes to a light 
yelldw colour. With pure indigotin the end-point is quite sharp, but 
with low qualities of indigo some practice is necessary in order to obtain 
concordant results. The end-point is also more difficult to determine 
in the case of indigos containing notable quantities (more than 1%) 
of indigo red. In such cases the indirubin must be separately estimated 
by the process described below. 

The indigotin factor of the permanganate solution is obtained by 
dissolving 0.5 grm. of pure indigotin prepared as described on page 
384 in sulphuric acid, diluting and titrating as above described. 

It is very necessary that the prescribed conditions should be closely 
adhered to throughout. 

The oxidation of the indigo by the permanganate is represented 
by the equation 5 CjgHgNjOj (SO3H) 2 -f 4KMnO^ + 6H2SO^ = 
5C,,H,N20,(S03H)2 -I-2K2SO4 +4MnS04 +6H2O. 

According to this equation 4 molecules (316 parts) of potassium 
permanganate are equivalent to 5 molecules (565 parts) of indigotin, 
but experiment shows that at the dilution necessary to obtain 
a satisfactory end-point the permanganate factor is somewhat lower 
than theory requires. Hence the necessity for obtaining the indigo 
factor of the permanganate by standardising with pure indigotin 
under the prescribed conditions. 

Analysis of Indigo Rich in Indirubin. — A considerable amount 
of the natural indigo now on the market contains 5 or even to% of 
indirubin, and the analysis of such samples by the ordinary permangan- 
ate process is not easy. 

As already stated, indirubin is more resistant to the action of 
oxidising agents than indigotin. Both substances are sulphonated 
and appear together in the solution to be titrated. As the permanga' 
nate is added, the blue colour due to the indigotin is first destroyed 
and the liquid which first assumes a dirty green or brownish colour 
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changes to crimson when the whole of the blue is oxidised. Further 
additions of permanganate eventually destroy the indirubin, but there 
is an obvious difficulty in distinguishing between the crimson colour 
due to indirubin and the very similar colour due to excess of permanga- 
nate. The end-point is thus frequently a matter of much uncertainty. 

In the case of fairly pure indigo practice will, however, enable an 
approximate determination of indigotin and indirubin by direct 
titration with permanganate. 

Usually, however, it is more satisfactory to extract the indirubin 
from the sample before sulphonating. 

Koppeschaar {Zeitschr, anal. Chem., 1899, 38, i) extracts the indigo 
with glacial acetic acid, and estimates the indirubin colorimetric ally 
against a standard solution of indirubin in the same solvent. . 

Rawson {J.Soc. Chem. Ind.y 1899, 1 8, 252) uses ether and proceeds in 
a similar manner. 

Gardner and Denton {J.Soc. Dyers andColourists, 1901, 17, 170) made 
an investigation with various solvents and pointed out that ether 
when pure has little solvent action on indirubin. They recommend 
commercial acetone as the most satisfactory solvent. 0.2 grm. of 
the finely powdered and dried sample is boiled for half an hour with 
100 c.c. commercial acetone using a reflux condenser. After cooling, 
the solution, is diluted to 200 c.c. with a 10% salt solution, which 
percipitates the small amount of ind gotin dissolved and also some 
brown impurities. After shaking, the solution is allowed to stand 
for 5 minutes, filtered, and the indirubin estimated colorimetrically 
by comparison with a standard solution of pure indirubin prepared 
with acetone and salt solution in the same way. 

Bloxam and Perkin {Trans.j 1910, 97, 1460) recommend pyridine as 
the best extractive agent, and point out that the solvent action of acetone 
IS due to the alcoholic impurity contained in the commercial solvent. 
Their process is carried out as follows: 0.25 grm. of the finely sieved 
and dried indigo is mixed with 25-30 grm. of purified sand in a small 
beaker. A thin-walled glass tube (the “ container”) about 25x90 
IS closed at one end by a piece of cotton cloth fastened round with 
silk cord (wire must not be employed), A layer of asbestos b then 
placed in the tube and the sand and indigo mixture is poured in 
the aid of a Gattermann funnel, the last traces of indigo being 
removed from the beaker by sand or asbestos. The upper surface of 
ffie indigo mixture is covered with a layer of sand and loose asbestos. 
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The container is placed in a Soxhlet tube so as to rest on 2 or 3 
glass marbles to facilitate drainage. The tube is then extracted with 
pyridine for about half an hour or until the liquid possesses the blue 
colour of pure indigo tin. The pyridine extract is distilled to a small 
bulk and finally treated with boiling water and again distilled until the 
last traces of pyridine have disappeared. On cooling, the indirubin 
and indigotin, together with some indigo brown, are precipitated and 
are collected in a Gooch crucible lined with asbestos. They are then 
treated mih hot 15% hydrochloric acid to decompose any calcium 
salt of indigo brown present, then washed with a hot 10% sodium 
hydroxide solution which completely dissolves the brown impurity. 
The product is finally treated with 1% acetic acid, the crucible placed 
in a small beaker, and after drying, 5 c.c. of pure sulphuric acid are 
added. On heating the mixture for half an hour, both indigotin and 
indirubin are sulphonated. The mixed sulphonates are dissolved in 
hot water, filtered, and made up to 250 c.c. The quantity of each 
colouring matter present is then estimated colorimetrically by com- 
parison with standard mixtures of pure indigotin and indirubin sul- 
phonic acids. The best dilution is usually about 5 c.c. of the above 
solution in 200 c.c. of water, but \vith small amounts of indirubin a 
greater concentration is necessary. 

Since only a portion of the indigotin is extracted from the original 
sample, the remainder is sulphonated and estimated either colori- 
metrically or by means of potassium permanganate. 

Other oxidising agents, such as potassium dichromate, are less 
suitable for the titration of indigo as the end-point is less sharply 
defined. 

Analysis of Indigo Containing Yellow Colouring Matter.— It 

has already been stated (page 389) that many samples of indigo contain 
a yellow colouring matter, kampfetoly and this interferes with the per- 
manganate and many other processes of estimation. Before testing 
it is therefore desirable to determine whether this substance is present. 
A small quantity of the powdered indigo is sprinkled on the surface of 
a few c.c. of ammonia in a porcelain dish when if indigo yellow is 
present a yellow solution is obtained. 

When this occurs the weighed amount of the sample is treated with 
a warm dilute solution of ammonia (or with alcohol or ether) to re- 
move the yellow, then collected on an asbestos filter, washed, dried, 
and dissolved in sulphuric acid in the usual way. 
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(f) Reduction Tests, 

There are two methods of estimating indigotin by the use of re- 
ducing agents: 

(i) The indigo is sulphonated as in the case of oxidation tests, and 
then titrated with a standard reducing solution. 

{2) The finely ground indigo is treated direct with a suitable reduc- 
ing agent in the presence of alkali, under which conditions the blue 
colour of the indigotin disappears and indigo white is formed. 

The amount of indigotin may be estimated either by (a) noting how 
much of a standard solution of the reducing agent is required to com- 
pletely destroy the blue colour of the indigotin or (b) by completely 
reducing the indigotin to indigo white then re-oxidising, collecting, and 
weighing the indigotin. 

Reduction of Sulphonic Acids.— Miilier {Ber,, 1880, 13, 2283) re- 
duces indigotindisul phonic acid by means of a standard solution of 
sodium hydrosulphite (NajSjOJ. This process is suitable only when 
a long series of estimations have to be made, since the apparatus re- 
quired is somewhat complicated. The process is, however, capable 
of great accuracy, and is carried out as follows; 

Preparation of Sodium Hydrosulphite. — This solution may be 
prepared by the action of zinc powder on sodium hydrogen sulphite 
(v. sodium hydro sulphite) or more conveniently by dissolving about 
3 grm. of solid hydrosulphite powder (B. A. S. F.) with, the addition 
of 2 grm. sodium hydroxide, in a litre of water. 

Standardising the Hydrosulphite.— This may be done either by 
means of pure indigotin or ammoniacal copper sulphate, using indi- 
gotin disulphonic acid as indicator in the latter case. The standard 
solution is prepared to contain either, i grm. of pure indigotin (con- 
verted into disulphonic acid) per litre or 1.904 grm. of pure crystallised 
copper sulphate -f- 100 c.c. strong ammonia per litre. These solutions 
are equivalent. 

So c.c. of the standard solution of indigotin are placed in a ^vide- 
mouthed 200 c.c. flask fitted with an india-rubber stopper perforated 
^l-h 3 holes. Into one hole is fitted the tip of a glass-stoppered 
burette containing the hydrosulphite solution. The other two holes 
serve for the entry and exit of a current of coal gas, since it is essential 
that the process should be conducted in the absence of air. Air must 
also be excluded from the hydrosulphite burette, the upper portion 
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being supplied with the neutral atmosphere by suitable means. - It is 
usually connected with a stock bottle containing a further supply of 
hydrosulphite. 

The flask is boiled to expel air, and then allowed to cool, coal gas 
being admitted. The solution of hydrosulphite is now gradually run in 
until the indigotin is just decolourised. Under the conditions named, 

0.05 grm, 

each c.c. of hydrosulphite used corresponds to indigotin, 

n indicating the number of c.c. of hydrosulphite used. 

If ammoniacal copper sulphate is used for standardising the hydro- 
sulphite, the cork should be provided with a fourth hole, in which is 
placed a second burette containing indigo solution to use as indicator. 
A few drops of this are added when the copper solution is almost 
decolourised, in order that a sharp end-point may be obtained. In 
other respect the process is carried out exactly as above described. 

Titration of the Sample. — This operation is carried out in the 
same way as used in standardising the hydrosulphite. 0.5 grm. of the 
sample of indigo is dissolved in sulphuric acid and made up to 500 c.c. 
as in the permanganate process, 50 c.c. being then titrated with hydro- 
sulphite until decolourised. 

In a sample of indigo containing much indigo red, the indigotin 
becomes first decolourised and at this stage the liquid assumes a 
reddish-violet colour. By further titration, the indirubin is attacked 
and a yellow solution is obtained. In this way the amount of each of 
the two colouring matters can, with practice, be approximately 
ascertained. 

In the case of pure qualities of indigo, the fully reduced liquid 
possesses a pale yellow colour, but with low qualities it finally assumes 
a brownish-yellow appearance. 

Binz and Kufferath {Fdrh. Zeit.t 1903, 225) recommend that the 
titration with hydrosulphite be carried out in vacuo instead of in the 
presence of an inert gas. 

Gerland (/. Soc, Chem, 7 »d., 1896, 15, 15) prefers to convert the indigo- 
tin first into monosulphonic acid, from which impurities are separated, 
by filtration through sand. The monosulphonic acid is then precipi- 
tated by addition of water, collected, dried, and converted into the 
disulphonic acid, which is then titrated with hydrosulphite solution. 

Titonous Chloride Method. — Knecht {J.Soc. Dyers andCoL., i 9 ® 4 j 
20, 97; 1905, 21, 292), who has worked out this process, states that it 
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has the advantage that titanous chloride is much more stable than 
sodium hydrosulphite. 50 c.c. commercial titanous chloride (20% 
solution) and 50 c.c. strong hydrochloric acid are boiled together, 
cooled, and made up to 2 litres. This solution is standardised by 
means of pure indigotin or ferric iron, 262 parts of indigotin correspond- 
ing to 1 12 of iron (Fe). Knecht found that the impurities present in 
natural indigos obscure the end-point, and recommends Grossmann’s 
method of purification with calcium carbonate. The process is carried 
out as follows: 

I grra. of indigo is sulphonated with 5 c.c. of 100% sulphuric acid 
at 90° for I hour. The solution is diluted, poured into a 500 c.c. 
flask, 12 grms. of chalk are slowly added, and after the evolution of 
carbon dioxide has ceased the liquid is cooled and made up to 500 c.c. 
50 c.c. of the clear solution are run into a flask, and 25 c.c. of a 20% 
solution of Rochelle salt added. The flask is provided with an india- 
rubber stopper containing 3 holes, two for entry and exit of carbon 
dioxide and the third for the burette containing the titanous chloride. 
After the air has been displaced the titration proceeds until the blue 
colour changes to yellow. This process gives very satisfactory results. 

Gravimetric Reduction Process. — The earliest methods for the 
estimation of indigo were based on the formation of a small vat from 
which, after complete reduction, a measured quantity of the solution 
was withdrawn, the indigotin reprecipitated by oxidation, collected, 
washed, dried and weighed. 

Many processes based on this general idea have been proposed. 

The following, due to Rawson, gives satisfactory results: 

I grm. of finely powdered indigo mixed to a paste with water is 
placed in a 40-oz. flask with 500 c.c. of lime water. The flask is 
furnished with an india-rubber stopper containing 4 holes, one con- 
nected with a coal-gas supply, one being an exit, one carrying a sip- 
hon, and the fourth a stoppered funnel. The liquid is heated to about 
80® then coal gas is admitted and about 250 c.c. of a solution con- 
taining 3 grm. solid hydrosulphite is run in through the funnel. The 
liquid, which assumes a yellow colour, is kept hot for half an hour, 
and after allowing the insoluble matters to deposit, 500 c. c. of hydro- 
chloric acid off into a flask, and air is drawn through for about 20 
minutes to re-oxidise the indigo white to indigotin. About 10 c.c. of 
hydrochloric acid is then added and the liquid heated nearly to boiling. 
The precipitate is collected on a tared filter, washed with hot dilute 
VOL. V. — 26 
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hydrochloric acid, then with water, dried, and weighed. The remain- 
ing solution in the original flask, is measured and the amount of 
indigotin in the total calculated. Greater accuracy is obtained by 
dissolving the recovered indigotin in sulphuric acid and titrating with 
permanganate. 

H. M. Rau ( 7 . Amer. Chem. Soc., 1885, 7, 16) uses grape-sugar and 
sodium hydroxide in forming his vat, and otherwise proceeds as above. 

F. A. Owen ( 7 . Amer. Chem. Soc.^ 1888, 10, 24) recommends a vat 
containing zinc dust and ammonia. 

G. Engel proposes the use of vanadyl sulphate. 10 grm. of ammonium 
vanadate are dissolved in 100 grm. of concentrated sulphuric acid with 
the aid of heat. The red solution obtained is poured into 2 litres of 
water at 50®. To this are added 50 grm. zinc powder. The purplish- 
blue solution is filtered and cooled. The titration is carried out 
exactly as with hydrosulphite. 

Other Methods of Analysis. 

Mdhlau and Zimmermann {Zeitschr. Farb. Text. Chem., 1903,31 189) 
convert indigotin into the monosulphonic acid by heating o.i grm. of 
the finely ground sample for 15 minutes with 50 c.c. of a mixture of 100 
c.c. glacial acetic acid and 4 c.c. sulphuric acid. The solution is filtered 
hot and the residue washed with the warm add mixture, until the 
filtrate is colourless. The filtered solution is then heated to 70“ and 
poured drop by drop into 100 c.c. of boiling water. This hydrolyses 
the monosulphonic acid, indigotin being reproduced. 

The process is not very satisfactory, since the final product is not 
pure. 

F. Voeller (Zeitschr. Farb. Text. Chem., 1891, i, no.) proposed to 
estimate indigotin by determining the nitrogen content by Kjeldahrs 
method, the nitrogen found when multiplied by the factor 9.36 giving 
the indigotin. It is obviously necessary to completely remove all 
nitrogenous impurities from natural indigo before carrying out this 
method, and this is found to be impracticable. 

Estimation of Indigo on the Fibre. — Vat-dyed indigo is found on 
all materials — cotton, wool, and silk — and may be estimated in several 
ways. Since indigo is usually associated with other colouring matter 
the latter should first be removed where possible by boiling the fabric 
successively with dilute sulphuric acid and dilute ammonia so long as 
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any colour is removed. The fabric is then dried and treated as follows: 
For wool fabrics the dry material is treated with sulphuric acid as in 
the formation of indigotin disulphonic acid (see page 394) the solu- 
tion is filtered through glass wool and the indigotin determined either 
colorimetrically or by means of permanganate. 

For cotton, Knecht s process [J .Soc. Dyers andCoL, ^9^9? 25» 135 £tnd 
160) should be used. About 4 grm. of the material are treated with 
25 c.c. of 80% sulphuric acid at 35 to 40^ for about 10 minutes. 
This dissolves both the cotton and the indigo. The solution is diluted 
to about 120 c.c. with water and boiled for a few minutes. This pre- 
cipitates the indigotin which is filtered off through a Gooch crucible 
lined with asbestos or silica. The indigotin is washed, dried, sul- 
phonated and estimated in the usual way. 

Indigo may also be estimated on dyed fabrics by extracting it by 
means of volatile solvents (see indigo analysis, page 392), the most 
satisfactory solvents being nitrobenzene, phenol, or glacial acetic acid. 

LOGWOOD. 

Logwood is the product of a large leguminous and tapidly grow-^ 
ing tree, Hcematoxylon carnpechianum. It was originally imported 
from the Bay of Campeachy, but the supply now chiefly comes from 
Jamaica and Honduras. It is also exported from San Domingo, 
Cuba, etc. 

\\hen first cut down the wood has a yellowish-brown colour, but on 
exposure to the atmosphere it gradually develops superficially a rich 
brownish-red colour. It is imported in the form of rough logs, which, 
before use, are reduced to small chips or rasped to powder, these 
products being distinguished respectively as ^‘chipped,” and “rasped” 
or “ground” logwood. 

Logwood extracts are obtained by treating the chipped wood with 
water, which extracts about 15% of the weight of the wood. 

Colouring Matter of Logwood. — The freshly chipped wood con- 
tains from 5-10% of a colourless compound, JKEmatoxylin^ 
which when pure forms white prismatic crystals. It is slightly soluble in 
cold and easily in hot water, alcohol, ether, or CSj. On fusing with 
alkali hydroxide it yields pyrogallic acid, C8Hg(OH)g. Hematoxylin 
has no dyeing power. It has feebly acid properties and is not a 
glucoside (Gardner, Dyer and Calico Printer, 1891, ii, 8). In the 
presence of alkali, it rapidly absorbs oxygen and is converted into the 
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true colouring matter, kamaiein. This change is brought about 
more or less completely during the so-called “ageing" of logwood, 
a process which consists in subjecting the moistened ground wood 
to atmospheric oxidation by exposing it in heaps in a warm room. 
Haematoxylin is thus the colouring principle of logwod from which the 
true colouring mutler, haematein, is formed by oxidation. Hcematein^ 
when pure, forms brownish-red crystals. It is almost 
insoluble in cold water, but is soluble in hot water or alcohol. 
It behaves as a weak acid and forms soluble salts with sodium, 
potassium, and ammonium, which possess a beautiful purple colour. 
In conjunction with the heavy metals it forms strongly coloured 
insoluble salts, or colour-lakes, upon the formation of which the 
value of logwood as a dyestuff depends. The iron-lake is black; 
the chromium-lake, blue-black; the copper-lake, greenish-black, and 
the aluminium-lake, purplish-blue. Hsemateinis somewhat easily 
attacked by oxidising agents with formation of brown worthless 
products. It is decomposed by hot sulphuric acid, but is soluble 
unchanged in cold cone, sulphuric acid with a brownish-red colour. 
In “overaged" or “burnt” logwood the haematein has been more or 
less destroyed by oxidation. A similar defect is brought about by 
“overchromed” wool, in which case the excess of potassium dichro- 
mate oxidises and destroys the colouring matter. 

The colour-producing substance of logwood may thus exist in 3 
forms, vi2., as haematoxylin, the colouring principle, as haematein, the 
colouring matter, and as the worthless brown overoxidation product. 

Logwood Extracts. — These are now used more largely than the 
rasped or ground wood. They are prepared from the unaged wood 
by extraction with pure superheated water, the extract being concen- 
trated in vacuum pans. The extracts are sold usually as pasty liquids 
of 51° Tw. (“logwood extract”) or in the solid form (“solid logwood 
extract”). The extract, as first formed, contains essentially hiema- 
toxylin, but many forms of oxidised extract in which the colouring 
matter is chiefly present in the form of hajmatein are now 011 the 
market. These are sold under such names as “haimatein crystals,' 
“oxidised logwood extract,” “logwood extract for wool,” etc. 

The unoxidised extracts are generally used in cotton dyeing, the 
oxidised extracts are employed for wool and silk. 

In its commercial form logivood extract may be stored for some 
time without deterioration, but when diluted it somewhat rapidly fer- 
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ments with destruction of the colouring matter. Logwood is chiefly 
employed for dyeing blacks, or as the darkening constituent in browns, 
olives, greys, etc. On cotton and silk it is used in conjunction with 
iron mordants, on wool usually with potassium dichromate as mordant, 
though iron blacks on wool are not infrequent. 

Certain “direct blacks” for wool were much employed a few years 
ago. These were sold in the form of pastes or dry powders containing 
logwood extracts, ferrous sulphate, and oxalic acid, the latter acting 
as a solvent for the insoluble hsematein-iron lake. 

Valuation of Logwood and Logwood Extract. — Since logwood and 
logwood extract contain a large amount of coloured soluble substances 
other than colouring matter, it is obviously impossible to estimate the 
amount of the latter by any direct colorimetric process. Further, 
haematoxylin is a colourless substance, though it is readily converted 
into haematein, and this change frequently takes place during the actual 
dyeing process. Any exact estimation of the value of a sample of log- 
wood should thus involve a determination of (a) haematoxylin, (b) 
haematein, and (c) impurities; but no satisfactory method of doing 
this has been devised. 

The most reliable means of estimating the value of samples of log- 
wood or logwood extract is by means of comparative dye trials carried 
out under the exact conditions under which the dye is to be practically 
employed. It is essential that strict attention be paid to this point 
since the practical value of any sample depends largely on the process 
used in applying it. 

For instance, in the case of two samples containing the same amount 
of colouring matter, but in the one case chiefly in the form of haema- 
toxylin and in the other of haematein, the former would be most valuable 
in cotton dyeing, whereas the latter would be the best for use in wool 
dyeing; though by slight modifications of process either could be used 
for either purpose. The nature of the impurities may also have an 
Important influence upon the value for a particular purpose. For 
example, a logwood extract to which 20% of chestnut extract had been 
added would be unsuitable for use in wool dyeing, since boiling with 
tannin matters tends to give wool a harsh feel. For use in the black 
dyeing of cotton this extract might, however, be quite satisfactory. 

In carrying out dyeing experiments, amounts should be used which 
will produce greys only, in order that small differences may be obvious. 

In testing samples for use in wool dyeing, the yam or cloth in 10 grm. 
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lots is mordanted with 3% of potassium dichromate, raising to the 
boil in about half an hour and boiling for half an hour. The necessary 
number of hanks may conveniently be mordanted all in the same vessel 
in order to ensure equal treatment. Then, after washing, the mor- 
danted patterns are separately dyed with about 10% of ground logwood 
or 2-3% of logwood extract. Similar experiments may be carried out 
on wool mordanted with 3% potassium dichromate and 1% sulphuric 
acid (oxidising mordant) and 3% potassium dichromate with 4% 
tartaric add (reduced mordant). By comparing the 3 sets of 
dyed patterns some idea of the degree of oxidation as well as of the 
amount of colouring matter present will be arrived at. 

Hsematoxylin will produce a very pale colour on the reduced mor- 
dant, but will dye up fully on the oxidising mordant. Hacmatein mW 
dye well on the reduced mordant, but will produce a dull colour on 
the oxidising mordant since some overoxidation will take place. 

During the “ageing” process, or in the manufacture of the extract, 
logwood is sometimes treated with an alkali, such as lime water, with 
a view of giving it a fictitious appearance of strength. If so treated, 
the wood yields its colouring matter more readily to water, but over- 
oxidation and deterioration occur more readily. 

Logwood extracts are frequently adulterated wdth molasses, dextrin, 
or tannin extract. For the detection of these substances 2 grm. of 
the extract are dried at 100° and then extracted with absolute alcohol 
until the latter gives no further reaction for hasmatein wdth sodium 
aluminate. On extracting the residue with water, molasses and dex- 
trin may be detected in the usual manner. Logwood extract may 
normally contain o. 5 % of dextrose. 

Tannin matter is also a normal constituent, but if added as an adul- 
terant will be present in excessive amount and may be detected by the 
strong grey or black colour produced by a cold dilute solution of the 
extract upon cotton mordanted with ferric iron. 

The amount of moisture in logwood and logwood extracts varies 
\vithin wide limits, and should always be estimated. The presence of 
any considerable amount of inorganic matter such as salt, sodium 
sulphate, or chalk, points to adulteration. 

The reactions of an aqueous decoction of logwood are due to the 
simultaneous presence of hematoxylin and hematein. Dilute acids 
turn the solution yellow, but with excess of a strong acid a red colour 
is produced. Hydrogen sulphide or sulphurous acid partially deed- 
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ourises a solution of logwood, turning it yellow. Alkalies and am- 
monia produce first a red, then a violet, and ultimately a brown 
colour; while lime, baryta, and most of the hydroxides of the heavy 
metals produce blue precipitates. Stannous hydroxide behaves as a 
base and yields a violet lake, while stannic hydroxide reacts as an acid 
and turns a logwood solution red. Salts of iron yield a bluish-black 
colouration, a reaction which is employed for producing ink. Mercuric 
chloride yields an orange, tartar-emetic a carmine, and bismuth nitrate 
a fine violet precipitate with logwood solution. Alum gives at first a 
yellow colouration, which turns red after a time; while sodium alumi- 
nate yields an abundant bluish-violet precipitate, insoluble in excess of 
alkali. This test is so delicate and characteristic that by means of 
it logwood may frequently be detected in a mixed decoction with 
great facility. Another characteristic reaction of logwood is the black 
colouration it produces with a dilute solution of dichromate. This 
develops slowly, and, on boiling, a black precipitate is produced. 

Detection of Logwood on the Fibre.~In the absence of other col- 
ouring matters the detection of logwood on the fibre is not difficult. 
In the case of wool the ash obtained on ignition mil probably contain 
chromium which may be detected by fusing the ash with potassium 
chlorate. If a bright yellow mass is obtained, it is dissolved in water 
and a few drops of acetic acid are added ; a drop of lead acetate solution 
will then produce a bright yellow precipitate if chromium is present. 

Logwood on cotton will yield on ignition an ash containing iron; the 
ash has a reddish-brown colour and its solution in hydrochloric acid 
gives a blue precipitate with potassium ferrocyanide. 

The presence of chromium or iron is of course merely an indication, 
not a proof of the presence of logwood. 

If employed in conjunction with other colouring matters, such, e. g., as 
galJocyanin, the detection of logwood is not easy, but the following 
reactions of logwood will usually enable a judgment to be formed. On 
boiling with dilute (5%) hydrochloric acid a cherry-red solution is 
obtained, the fibre becoming purple or drab. On adding excess of 
alkali to the acid solution a deep violet colour is produced, the liquid 
gradually depositing a brown precipitate. 

Concentrated hydrochloric acid produces a red spot on logwood- 
dyed material; if this spot is pressed against a piece of filter-paper it 
produces a red stain which turns blue if touched with a glass rod mois- 
tened with aluminate of soda. 
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All logwood dyes are readily bleached by hypochlorites. 

The following procedure is recommended for distinguishing logwood 
in the presence of Alizarin Blue, gallocyaninj or indigo A 

The sample is treated in a porcelain dish with cold concentrated 
sulphuric acid. Indigo gives a blue solution which remains blue on 
dilution; Alizarin Blue, a violet-blue liquid which becomes violet-red on 
dilution; Gallocyanin gives a violet liquid which becomes redder on 
dilution; logwood gives a brownish-red solution which becomes yellow 
on dilution, and this yellow even in small amounts so greatly modifies 
the pinks due to Alizarin Blue and Gallocyanin that its detection is 
quite easy if comparison is made with similar solutions prepared from 
known dyestuffs. 

With a mixture of indigo and logwood the sulphuric acid solution is 
green and remains green on dilution, but on passing several times 
through a filter the indigo is removed and the soluiton becomes yellow. 

NATURAL YELLOW COLOURING MATTERS. 


The following table includes the chief natural yellow colouring matters: 



Source 

j Coloring principle 

name 

{ Botanical 

1 Geographical 

Name 

Formula 

Old Fustic; Yel- 
low Brazil 
Wood. 

: W'ood of Marus tinc- 
toria. 

W^est Indies; 

} South America. 
India. 

i 

I Moric acid, 
j Morin tannic 
acid. 

CijHioOs 

CijHioOt 

Weld. 

i Leaves, etc., of Re- 
\ seda luteoLi. 

France, etc. 

Lutcolin. 

CuHijO* 

Quercitron. 

Bark of Qt^ercus 
nigra or U- tinc- 
loria. 

North and Central 
America. 

i i 

Quercitrin. 

Quercetin, 

C:iH::0,. 

CijHijOj 

Turmeric. 

\ Underground stem 
! of Curcuma tine- 
Joria. 

East Indies: 
China, Barba- 
1 docs. 

Curcumin. 

C„Hu04 

Gamboge. 

Gum resin from j 
1 Garcinia morella. \ 

Siam, Cochin 
China, Ceylon. 

Gambogin. 

CjoHj&Os 

Saffron. 

\ Stigmata of flower : 
1 of Crocus saiivus. i 

Austria, Spain, 
France. 

Crocin. 

Crocetin. 

C44H7oO;» 

C}4n4609 

Young Fustic ; 
Fustet wood. 

Wood of Rhus Coti- 
nus. 

West Indies;: 
Levant, South i 
Europe. 

Fuslin orFi- 
setin. 

CtiHicOs 

Persian Berries; 
Yellow Berries. 

Various species of 

1 Rhamnus. j 

Spain, France, Per> 
sia, Turkey, etc. 

Rhamnetin. 

CuHnOi 

Annatto. 

1 

Pulpy parts of | 
Bixia Orellana. \ 

Mexico; South 
America, 

Bixin. 

CJ 8 HJ 404 


> Manual of Dyeing, Knecht, Rawson and Loewenthal, tA £d., 1910, p, 34S. 
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FUSTIC. 

Fustic is also known under the names Cuba wood and yellow 
wood, and is the heart- wood of the tree Morns tincioria or Madura 
tindoria. It grows in Brazil and tropical America generally, the West 
Indies, and India; the best qualities being exported from Cuba and 
Tampico. The tree attains a height of 50-70 feet, and in addition to 
its use as a dyestuff, is esteemed for cabinet-making purposes. 

Colouring Matters. — There are two distinct colouring matters pre- 
sent in fustic, — morin^ or moric acid, and maclurin, or morintannic acid. 

Morin^ CjsHjoOg, is the principal colouring matter. It forms pale 
yellow needles, and is practically insoluble in cold water, but dissolves 
slightly, in boiling water. It is easffy soluble in alkaline solutions. 
When fused with potassium hydroxide it yields phlorogludnol {sym. 
C8H50H)3), and like most of the other natural yellow colouring mat- 
ters it is a hydroxyl derivative of Jiavone, the constitution of these 
two compounds having been shown to be; 




o - c-c 
II 

CO-CH 


Flavone, 


C.H3(0H)<( 


O - C-C,H,(OH), 
CO-C(OH) 


Morin. 


Morin forms compounds with metals and gives the following 
reactions. 

Alkalies — yellow-brown solution. Alum— bright yellow precipitate. 
Lead acetate — orange precipitate. Copper acetate — brownish -yellow 
precipitate. Ferric chloride — olive-green colouration or precipitate. 
Stannous chloride — orange precipitate. GelatiA — no precipitate. 

Maclurin, or Morintannic Acid, CjaHj^Oa.— This substance is 
much more soluble in water than morin, and is also readily soluble in 
alcohol and ether. The ethereal solution fluoresces green and brown. 
Maclurin melts at 200° and when heated with strong alkali hydroxide 
solution it yields phloroglucinol, C8H5(OH)s, and protocatechuic acid, 
^6^3(0112)00011. It dissolves in cold concentrated sulphuric acid 
with a yellow colour, but is reprecipitated on the addition of water. 
The solution in concentrated acid deposits brick-red crystals (rufimo- 
ric acid) after several days. 

A solution of maclurin on reduction zinc and sulphuric 
acid becomes first red and then orange in colour. The solution then 
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contains phloroglucinol and machromin. The latter substance becomes 
blue on exposure to air. Ferric chloride produces a violet colour with 
madurin which changes to blue. Lead Acetate gives a yellow, and 
stannous chloride an orange precipitate. Gelatin produces a greenish 
predpitate. 

The diazobenzene compound of madurin is sold commercially 
under the name of Fustine, or Wool Yellow. 

Commercial Preparations of Fustic. 

Fustic, like logwood, is sold as chipped or rasped wood, and as 
liquid or solid extract, but is now almost exclusively employed in the 
extract form. Until recently fustic was subjected to the "ageing’" 
process similarly to logwood, but no change corresponding to the con- 
version of hsematoxylin into haematein takes place, and the only useful 
action appears to be the incidental one of thoroughly soaking the wood 
and thus rendering the colouring matter more easily extracted in the 
dye- bath. 

Fustic extracts are manufactured in the same way as logwood 
extracts. The liquid extracts on standing separate into two layers, 
the lower layer consisting mainly of insoluble morin, and the upper 
liquid portion containing most of the madurin. 

Fustic extracts are frequently adulterated with dextrin, molasses, 
zinc sulphate, alum, tannin extracts, turmeric, or coal-tar dyes, while 
quercitron extract is of very common occurrence. The alum and zinc 
sulphate are added to enrich the colour of the extract, but they do not 
really increase the dyeing pow'er. 

Fustic is a mordant-dye and produces with chromium mordants an 
olive-brown, with aluminium and tin, yellow, and with iron and 
copper, olive colours. With chromium and aluminium mordants, 
morin is the only useful colouring matter. With iron mordant madurin 
is of chief importance (Gardner, The Dyer, 1892, 12, 46). 

Fustic is still largely employed in wool dyeing as the yellow constitu- 
ent of compound shades, but it is little used in cotton dyeing. 

Examination of Fustic. — A decoction of fustic has a bitter astrin- 
gent taste. Alkalies darken the solution to a reddish-browm. Dilute 
acids make the solution yellower and paler in colour. Sodium alumi- 
nate gives a yellow precipitate, stannous chloride or lead acetate pro- 
duces an orange-yellow precipitate. Ferric chloride gives an olive- 
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brown colouration, which on standing deports a dark olive precipitate. 
The most satisfactory method of examination is that of comparative 
dye tests carried out on wool mordanted with potassium dichromate. 
Some samples give much greener shades than others, and such are most 
esteemed. A more accurate comparison can be arrived at by carrying 
out the tests on wool previously dyed a pale blue in the indigo vat, since 
slight differences in tint are more easily recognised in the case of the 
green thus produced than with the fustic yellow. 

Estimation of Colouring Matter in Fustic Extract.~io grm. of 
the dried sample are extracted with absolute alcohol. To the alcoholic 
solution hot water is gradually added until no further precipitation of 
morin occurs. The solution is then evaporated to about half its bulk, 
when most of the maclurin separates out, an addition of hydrochloric 
acid causing a further precipitation of maclurin. 

Detection of Adulteration in Fustic Extract.— Bruhl (/. Soc. 
Dyers and Col.^ 1889, 9, 124) proceeds as follows: 

If present, zinc sulphate and alum may be detected in the solution 
obtained by extracting the dried extract with nitric acid after gentle 
charring. 

If turmeric is present unmordanted cotton becomes yellow when 
boiled in a solution of the sample. 

Extract of quercitron may be detected by the much deeper colour 
which an extract adulterated with this substance produces on wool 
mordanted with stannous chloride in conjunction with the paler colour 
which the adulterated extract produces with alum mordant. A sample 
of fustic extract known to be pure is necessary for comparison. 


WELD. 


Weld is the dried plant, Reseda Luieola^ and, although it has 
now lost much of its importance, it is still cultivated in England, 
France, Italy, etc., to a small extent. The colouring matter, Inieolinf 
is a flavone derivative and has the composition 


CeH,(OH) 


.0-C-C„H3(0H)2 

^CO-C-H 


Is thus.allied to morin (old fustic), and quercetin (quercitron bark). It 
forms pale yellow needles and has been prepared synthetically. 

Weld produces an extremely bright yellow with alum mordant, and 
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is still used in conjunction with indigo vat blue for producing certain 
shades of green. It appears in the market as bundles consisting of 
the whole of the plant, and before use is generally chopped into 
small pieces. 


Quercitron Bark and Flavin. 

Quercitron bark is the inner bark of a species of oak, Qtiercus nigra 
or Quercus iinctoria, mdigenous to the United States. The bark is used 
in the form of powder or as an extract. 

Flavin is obtained by extracting quercitron bark with water at a 
high temperature, the solution depositing the colouring matter on 
cooling. 

Quercitron, C21H22OJ2, is the glucoside existing in the bark. Fla- 
\in consists essentially of this substance. It forms pale yellow 
crystals, and on boiling with dilute acid, splits up into the colouring 
matter, quercetin, and dextrose. 

Quercetin, Ct5HjQ07, is one of the commonest yellow colouring 
matters in vegetable products. It is a simple derivative of flavone 
having the composition 

O- C-C,H,(0H)2 
CcH2(OH)/ II 

VO-C-OH 

and is closely allied to morin and luteolm. The use of quercitron bark 
and flavin has now almost entirely ceased, but when still employed 
it is generally in the form of extract. 

•These dyes are best valued by making comparative dye trials in 
the usual manner. 


Catechu, Cutch, and Gambler. 

These are obtained from various species of mimosa, acacia, and 
areca, growing chiefly in India. They contain large amounts of tannin 
matter, and varying amounts of catechu-tannic acid (see tannin matters), 
along with a white crystalline substance, catechin. There is also pres- 
ent a brown amorphous oxidation product. These products are used 
as tannin matters and also for the production of brown shades on 
cotton. 

Catechu-tannic acid constitutes the soluble portion of the product, 
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and has the usual properties of a tannin, giving white precipitates with 
gelatin and with tartar emetic, and a green precipitate with ferric 
chloride. On exposure to air, particularly in the presence of alkali, 
it becomes oxidised to a reddish-brown substance. For the properties 
of caiechin see page 28. 

The dyeing value of catechu and allied products depends upon the 
production of the brown oxidation products of catechin and catechu- 
tannic acid. The only satisfactory method of valuing catechu, cutch, 
and gambier for use in dyeing is by means of comparative dyeing 
trials. These should be carried out as follows: 10 grm. cotton yarn 
is dyed for i hour at the boil with 10% of the sample. The material 
is allowed to cool in the liquid, then taken out, squeezed, and worked 
in fresh baths for half an hour with 2% potassium dichromate at 80°. 
A second and third hank should be dyed in a similar way in the same 
solutions and subsequently chromed, and a parallel series of experi- 
ments should be made with the addition of 1% of copper sulphate to 
the dye-bath. A comparison of the strength and exhausting powers 
of the samples is thus obtained. 

TURMERIC. 

Turmeric or Indian saffron is the tuber or rmderground stem of 
Curcuma tinctoria or longa and C. rotunda. The colour of the roots 
externally is generally greyish, but in the interior they are usually a 
deep yellow.^ 

According to John, turmeric root contains: yellowish volatile oil, 
1%; yellowish-brown resin, 10 to ii; brown extractive matter, with 
dyeing properties, 1 to 12; gummy matter, 14; matter soluble in 
alkalies, including earthy salts, 57; and moisture, loss, etc., 7 to 5%. 
The presence of starch is not indicated in this analysis, though turmeric 
root contains a sufficient proportion for iodine solution to change the 
whole colour from yellow to blue. 

The powder of turmeric has a strong odour and a very bright orange 
colour. The tasfe is bitter and aromatic. Cold water dissolves but 
little colouring matter, but boiling water extracts a larger quantity. 

’ principal commercial varieties of turmeric are: Chinese, consisting of many cen- 
rhizomes with well-developed branches; Bengal, mostly in slender branches of a deep 
reddish tint; Jaua, which consists of rather small tubers and branches that are often 
•r^sveraely and longitudinally cut; and Cochin turmeric, in sections or slices of a larger 
tuber, soma being marked with rather large depressed stem-scars. 
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Alcohol dissolves the colouring matter freely, and likewise takes up the 
greater part of the resin. 

Curcumin-f is prepared according to Jackson and Mencke 

(7. Amer. Chem. Soc., 1882, 4> 77) by treating ground turmeric with 
petroleum spirit to remove the volatile oil, and then with ether, which 
dissolves the curcumin together with a large quantity of resin. The 
product is purified by crystallisation from alcohol. Thus prepared, 
curcumin crystallises from hot alcohol in thick needles or prisms, which 
have an orange-red colour and a beautiful blue reflection. Curcu- 
min is odourless when pure, melts at 178^, and is only slightly soluble 
in water, even when boiling. It is difficultly soluble in cold but more 
readily in boiling alcohol. The ethereal solution exhibits a strong 
green fluorescence. It is also soluble in wood spirit and glacial acetic 
acid, but only slightly so in benzene or carbon disulphide, and is all 
but insoluble in petroleum spirit. Strong sulphuric acid dissolves 
curcumin with a fine reddish- purple colour, gradually changing to 
black from charring, and the same effect is produced, though more 
slowly, by strong hydrochloric acid. 

Curcumin dissolves readily with a reddish-brown colour in solutions 
of alkali hydroxides and carbonates, and to a slight extent when boiled 
with water and calcium carbonate. The ammoniacal solution re- 
deposits curcumin on boiling. On adding a large excess of strong 
alcoholic potassium hydroxide to a hot alcoholic solution of curcumin, 
the potassium salt, C^HjjO^Ks, separates in globular radiated groups 
of flame-coloured crystals, which assume a claret colour when dried. 
The precipitation may be made more perfect by adding ether, in which 
the new compound is nearly insoluble, though it is soluble in alcohol 
and freely so in water. On exposure to air, the alcoholic solution of 
potassium curcumate assumes a magenta colour, probably from 
o.xidation. When excess of potassium carbonate is added to a hot 
solution of curcumin in absolute alcohol, the acid salt, Cj4H,j04K, is 
formed, and on adding ether this separates in crimson-black flocks re- 
sembling magenta. 

In consequence of the sensitiveness of curcumin to alkalies, turmeric 
is sometimes used as an indicator of alkalinity. The yellow colour is 


* The following structural formula has been assigned to this substance; 

] ( 3 ) 0 .CH. 

1 , min 

Ciamician and Silber (Ber,, 1897, 30, 193) adopt the formula CiiHi 40 «( 0 CHj)i forcurcu 
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restored by very weak acids, and hence turmeric has been proposed 
for titrating fatty acids, for which purpose, however, phenolphthalein 
is better adapted (see vol. 2, and R. T. Thomson, (/. Soc, Chem. Ind., 
1887, 6, 195)-* The alcoholic solution of turmeric exhibits a well- 
marked fluorescence. 

The most characteristic reaction of curcumin and turmeric is that 
with boric acid. If an alcoholic solution of turmeric or curcumin be 
mixed with boric acid, it assumes a deep red colour, distinct 
from that produced by alkalies. A convenient way of applying the 
test is to place a small disc of filter-paper, about r inch in diameter, in 
the turmeric tincture, and evaporate the latter to dryness at 100^. On 
the paper is then poured an aqueous solution of boric acid, or a solution 
of borax to which sufficient hydrochloric acid has been added to render 
it distinctly acid to litmus. The red colour is at once developed, or 
becomes apparent on evaporating the liquid to dryness. On now 
adding a drop of alkali hydroxide, a very beautiful series of colour 
of changes will be produced, green and purple being the most prom- 
inent. On adding hydrochloric acid a red colour is produced which 
is again turned green and blue on addition of excess of alkali. 

The behaviour of curcumin with boric acid appears to be due to the 
formation of a substance called by Schlumberger rosocyanin, which 
may be prepared by treating an alcoholic solution of curcumin with 
boric and sulphuric acids. The liquid acquires a deep red colour, 
which changes gradually in the cold, and rapidly on heating, to dark 
red, orange, and finally to yellow. Hence the operation should be 
arrested when a sample is found to become blue on adding ammonia. 
The impure rosocyanin crystallises out as the solution cools. When 
pure, it forms dark red needles with a green reflection, and is insoluble 
in water, ether, or benzene. The alcoholic solution has an intense 
rose-red colour, but rapidly changes. It is turned blue by ammonia, 
the original colour returning on adding an acid. The alkaline 
solution becomes grey on exposure to air, and gives blue precipitates 
with lime or baryta water. 

Turmeric is one of the few natural colouring matters for which 
cotton has a strong attraction. Cotton may be dyed without a mordant 
by heating in a bath of turmeric at 60°. Turmeric is also employed in 
paper- staining and for dyeing wood and leather; also as a colouring for 


‘Turmeric is also applicable in the presence of ammonia, to which it is not sensitive. 



4i6 colouring matters of natural origin. 

butter, cheese, pastry, etc. It is an important ingredient of curry powder. 

Powdered turmeric is sometimes adulterated with starch and mineral 
matters. The ash should not exceed 5 to 6%. Common salt is added 
to turmeric to give it a brighter appearance, but interferes with some 
of its uses. Turmeric should be quite dry. If damp it becomes 
yellowish-brown, and is rendered unfit for its chief applications. The 
characteristics of good turmeric are a rich, deep, but bright, orange 
colour, and a strong aromatic, rather pungent odour. Turmeric may 
be valued by dyeings on white woollen cloth at 60° with and without the 
addition of alum. 

On the fibre, turmeric is turned reddish-brown by hydrochloric acid, 
or an acid solution of stannous chloride, without the solution becoming 
coloured. Sodium hydroxide and ammonia turn the fibre bright 
reddish-browTi, the solution becoming brownish-orange. Alcohol 
extracts the colour, producing an orange or yellow solution with green 
fluorescence. Nitric acid turns the fibre pale yellow. 

GAMBOGE. 

Gamboge is a gum-resin produced by trees growing in various 
parts of the Malay peninsula. It occurs in cylindrical, hollow, or solid 
rolls, ^ longitudinally striated on the surface, and either distinct or 
more or less agglutinated or folded together in masses. Externally it 
is brownish-yellow, and is covered with a yellow powder. When 
broken it exhibits a vitreous or conchoidal fracture, the fractured 
surface being opaque, smooth, glistening, and of a uniform reddish- 
yellow colour. The powder is bright yellow, and forms a yellow 
emulsion with water. Although nearly without odour at the ordinary 
temperature, gamboge evolves a very peculiar smell when heated. The 
taste is at first scarcely perceptible, but after a time it produces a sharp 
acrid sensation in the throat. Gamboge acts as a drastic purgative. 

Gambogin or Gambogic acid, the resin of gamboge, according to 
Buchner, has the formula It may be obtained by precipi- 

tating the filtered alcoholic solution of gamboge by water, treating the 
dried precipitate with ether, and evaporating the ethereal solution. 
The colour is hyacinth- or orange-red, and the powder bright yellow. 
It softens on heating and melts at 75^-80*^, solidifying to a glassy 

* The cylindrical variety of gamboge is produced by running the juice into 
canes. On drying, the ramboge contracts, and consequently holes are often seen 
the middle of the cylinders. Inferior gamboge often occurs in irregular masses weign>n» 
aevcfal pounds. 
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mass on cooling. It is tasteless, and, according to Hurst, has no pur- 
gative action. Gambogin is readily soluble in alcohol, ether, and 
chloroform, but is only slightly soluble in petroleum spirit. It has 
well-markeji acid properties, decomposing carbonates of the alkali- 
metals at a boiling heat. It dissolves in alkali hydroxides with an 
orange-red colour, and is precipitated in gelatinous flakes on acidi- 
fying* the solution. On adding excess of common salt to the solution 
of gambogin in sodium hydroxide, the sodium salt is thrown down 
as a red precipitate. 

The wax portion of gamboge insoluble in ether but soluble alcohol, 
4 s described by Hurst as a soft brownish substance, melting readily 
and having a slightly bitter taste and persistent bitter after- taste, 
with slight purgative action. It is soluble in sodium hydroxide with 
a brownish-yellow colour, being reprecipitated on adding an acid. 

The gum of gamboge, is a transparent, brownish mass, having a 
sweetish taste antf'slightly adhesive properties. It is soluble in water 
forming an opalescent solution, which is rendered clear by adds, and 
is not precipitated by basic lead acetate, ferric chloride, mercuric 
chloride, borax, or alcohol. It appears to be a glucoside. 

. Gamboge dissolves in alcohol, in ether, and in ammonia. The 
ammoniacal solution produces a red precipitate with salts of barium, 
yellow with those of zinc, reddish-yellow with lead acetate, and brown- 
ish-yellow with silver nitrate. 

The following analyses by Chrisdson indicate the composition of 
commeitial gamboge: 


• 

Pipe gamboge 
from Siam 

Cake gamboge 
from Siam 

Ceylon gamboge 

Resin * . 

Gum 

74.2 

31.8 

71.6 
' 34.0 

64.3 

30.7 

6.3 

4.4 
4.0 

65.0 

19-7 

S.o 

6.3 

4.6 

68.8 

30.7 

71:. S 
18.8 

73.9 

19.4 

7 S .5 

18.4 

» * » • « 

Woody 6bre 

Moisture 

4.8 


6.8 

4.6 

S .7 

4-3 

0.6 

4.8 


100.8 1 

j 100.4 

99.6 

100, s 

roo.9 

96 .0 

96.6 

j 99.3 


A sample of gamboge analysed by Hurst {Pkarm. 1889, [3], 19, 
761) contained^ moisture, 2.50; mineral matter, i.osj resin, soluble 
in ether, 66.05; wax, soluble in alcohol, 4.31 ; and gum, 26.03%; total, 
99 - 94 %. 

Commercial gamboge is liable to adulteration with niitieral mditers 
and starch. The ash should not much exceed 1%. Starch may be 
Voi,. V,~27 
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detected by exhausting with alcohol, boiling the residue with water, 
and adding iodine to the cooled liquid, when the well-known blue 
colouration will be produced if starch be present. It will be observed 
that the analyses of Christison of cake gamboge from Siam show a 
small proportion of starch. 

Gamboge is not employed as a dye. It has a limited use in medicine 
as a purgative, and is employed as a yellow pigment in water-colour 
painting. 


SAFFRON. 

Saffron consists of the stigmata of the Bowers of Crocus sativus^ of 
which from 500,000 to 100,000 are required to produce i pound weight. 
It has an agreeable odour, and a bitter pungent taste. 

^An essential oil is obtained by distilling saffron with water in a 
current of carbon dioxide, agitating the distillaU^ with ether, and 
evaporating the ether in an atmosphere of carbon dioxide. It is a very 
mobile, nearly colourless liquid of the terpene (CioHi^) class, having 
an intense odour of saffron, and very prone to absorb oxygen and become 
thick and brown. 

If saffron is treated with ether, to remove the fat and essential oil, 
and the residue treated with cold water, the colouring principle, crocm, 
is dissolved. On shaking this solution with purified animal charcoal 
the colour is rapidly absorbed, and on filtering and boiling the charcoal 
with rectified spirit, it again passes into solution. The filtered liquid 
yields crocin on evaporation. 

Crocin is a glucoside and has the formula C 44 H 7 (, 028 ( ?). It forms a 
yellowish-brown mass, the powder of which is yellow. It dissolves 
readily in water and dilute alcohol, but with difficulty in absolute 
alcohol or ether. Concentrated sulphuric acid dissolves it with a blue 
colour, changing to violet, cherry-red and finally to brown. Concen- 
trated nitric acid also gives a blue colouration, changing to brown. 

When crocin is hydrolysed it forms the colouring matter crocelin^ 
The latter is best prepared by heating crocin with dilute 
hydrochloric acid in a current of carbon dioxide, when crocetin is pre- 
cipitated as a red powder, scarcely soluble in water, but soluble m 
presence of an alkali with orange colour, and reprecipitated on adding 
an acid. 

> Kayter (/. Soc. Dym and colonriiU, 1885, 1, 4^). 
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A second glucoside, picrocrocin, CsgH^Oi;, is said to be obtained 
in prismatic crystals, melting at 75°, and' soluble in water and alcohol, 
on extracting dried saffron with ether for a prolonged period. When 
hydrolysed it splits up into a sugar and a terpene oil of a saffron 
odour already described. 

Saffron is employed for colouring pastry, and has a limited use in 
medicine. It is liable to various substitutions and adulterations, 
which are classified by J. M. Maisch {Analyst, 10, 200) as those 
derived from the same plant and those coming from other sources. 
The stigmata of which genuine saffron consists become thinner toward 
the leaves, terminate in a yellow thread, and three are generally united. 
Saffron styles are present in all saffron of Spanish origin to a greater or 
less extent, and crocus stamens, dyed so as to resemble the stigmata, 
are also met with. The corolla tubes the crocus, dyed with Brazil- 
wood or santal-wood, are said to be frequently used for adulterating 
saffron. Various other coloured vegetable products are referred to by 
Maisch, including dyed calendula florets (marigold), and this may be 
detected by treating the suspected portions of the sample with petro- 
leum ether, which is not coloured by genuine saffron, but dissolves 
the coal-tar colour with citron-yellow colour. 

Safflower and red poppy have also been observed as adulterants of 
saffron. In the latter case the infusion is turned greyish-green by 
ammonia and bright rfcd by nitric acid. Safflower is said to be so 
commonly substituted for saffron in some parts of America that the 
genuine substance is unknown {Pkarm, J. 1876, (3], 6, 950). 

Mineral additions, such as chalk, gypsum, barium and sodium sul- 
phate, etc., have been observed as adulterants of saffron, being 
made to adhere by means of honey, glucose, or glycerin. The ash of 
genuine saffron of good quality ranges from 4 to 7%, but in samples of 
Alicante saffron Hanbury {Pharm. /. 1870 [3], i, 241) found ash 
varying from 12 t028%, the excess being due to mineral adulter- 
ants. Ingham has described a sample of saffron containing 45% of 
mineral impurity, besides a quantity of crocus stamens; Hart, a 
saffron yielding 20% of ash, the greater part of which consisted of 
barium sulphate; and Tanner, a sample containing a considerable 
quantity of a red ferruginous earth. Adrian has described a saffron 
yielding 26.4%' of ash, containing borate, chloride, sulphate of sodium, 
and potassium carbonate, the last having probably been derived from 
tartrates. The presence ^of ammonium nitrate was also suspected. 
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Grispo found vegetable filaments of unknown origin" in saffron, 
' together with water, glucose, and barium sulphate. Ksyioldt examined 
a factitious saffron that consisted entirely of an alga, probably Vucu^ 
amylaceust which had been weighted with a coloured mixture of chalk 
and honey. For the testing of saffron see Dowzard, Pkarm., 
1398, 4, 443; Viuassa, Arch. Pham.., 1892, 231, 353 and Nestler, 
Zeil. Nahr. DeuL, 1892, 6, 489. 

If genuine saffron be scattered on the surface of warm water, it 
immediately expands into a characteristic form, readily distinguishabl'e 
from crocus stamens, or the florets of safflower, marigold, or arnica. 

Saffron gives a fine yellow colour on silk, but is now rarely if ever 
used as a dye. It is still employed in medicine. 

AimATTO. 

Annatto, occasionally called amotta and rdcm, is composed of the 
pulp surrounding the fruit of Bixa orellana, growing in the East and 
West Ibdies and South America. The two chief kinds are Spanish 
annatto, imported from Brazil, and the flag or French annatto which 
comes from Cayenne. Brazil annatto occurs in cakes or rolls, is hard 
and dry, brownish on the exterior but red inside, and with a rather 
agreeable odour. Cayenne annatto is a soft paste, of a bright yellow 
colour. It often has a repulsive urine-like odour, said to be due to 
the actual addition of urine to keep it moist and impart a rich colour. 

Annatto contains 2 yellow colouring matters, bixin and arellin. 

Bixin, CjgHj^Oj, the properties and chemical relationships of which 
have been very imperfectly examined, may be prepared by digesting 
annatto at about 80° with rectified spirit and soidum carbonate. The 
filtered liquid is treated with half its measure of water and a saturated 
solution of sodium carbonate. The precipitate, consisting of the 
sodium salt of bixin, is purified by resolution in weak alcohol and pre- 
cipitation by sodium carbonate, and is then decomposed by hydro- 
chloric acid. Bixin forms minute yellow leaflets which melt at 176°. 
It is i^luble in water and only slightly soluble in alcohol, benzene, car- 
bon disulphide, or acetic acid, but is very readily soluble in ether. 
Bixin forms a sodium salt, aH^O, which, crystallises in 

lustrous red needles, very soluble in water, but insoluble in alcohol 
and ether. It also yields a compound, CsaHiiNa^Os, aHjO, which 
forms a dull red powder. Bixin dissolves *in strong sulphuric acid 
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with a bright blue colour, and on dilution with water a dark green 
predjpitate is formed. 

OreUin is a yellow substance soluble in water *and alcohol, but 
insoluble in ether, and dyes cloth mordanted with alum yellow. It 
is probably an oxidation-product of bixin. 

Annatto is only partially soluble in water, but more completely in 
alcohol. It dissolves readily but sometimes imperfectly in solutions 
of alkali hydroxides and carbonates, of borax, and of soap, forming 
liquids of orange or red colour, which furnish orange-red precipitates 
with acids. It gives orange lakes with alumina and ferrous sulphate, 
a yellowish-brown precipitate with salts of copper, and a lemonryellow 
witl^ tin salts. ' Concentrated sulphuric acid dissolves annatto with 
a deep blue colour, which gradually changes to green and violet. On 
adding water f deep green precipitate is formed. 

Samples of annatto have been found adulterated with ochre, brick 
dust, sand, chalk,, salt, starch, gum, turmeric and other colouring 
matters. It is chiefly used in the colouring of butter and cheese 

RED DYESTUFFS. 

Cochineal and Lac Dye. — These are the only colouring matters 
of importance which are of animal origin. Cochineal is the female of 
the coccus cacti^ an insect which feeds on various species of cactus, and 
is collected largely in Mexico, Guatemala, the Canary Islands, and 
Java. 

The insects, which have no wings, are merely brushed oS the plants 
and killed by stoving or boiling. The insect is dark reddish-brown in 
colour, and in appearance and size resembles the common ladybird. 
The natural appearance of the insect may usually be observed by 
allowing a few^cochineal grains to soak for some time in water. 

“Silver-grey’* cochineal is produced by stove killing, “black” 
cochineal by, water killing, the latter removing the grey powder to 
which the appearance of the former is due. 

The dyestuE undergoes absolutely no preparation for the market, 
but before being used the insects are ground to powder. 

Cochineal is relatively rich in colouring matter compared with most 
of the other natural dyes, containing from 10 to 20% of the pure sub- 
stance. • The latter exists in the dried insect (principally in the eggs), 
a glucoside, carminic acid, from which the real colouring matter, 
carmine red^ is readily produced. 
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Carminic acid, (?), is a purplish-red substance which 

forms crystalline salts with alkalies. It is soluble in water, alcohol, 
or benzene, but insoluble in ether. It is readily hydrolised by boiling 
with dilute acid, producing carmine red. 

Carminic acid is found in several other insects and also in some 
plants, e, g. the monada and dydima. 

Carmine red, CjjHigO,, is obtained by boiling the diluted aqueous 
solution of carminic add with a few drops of mineral acid. It forms 
a dark purplish amorphous substance which produces colour lakes of 
very varied hues with different metals. The most characteristic lakes 
are those with the following metals: Tin, bright scarlet; aluminium, 
crimson; chromium, purple; iron, bluish-purple; copper, brpwn; 
uranium, grey. 

When -treated with nitric acid carmine red produces nilro-coccusic 
acid, CaH5(N03)3N03, along with oxalic acicj. 

A saponifiable fat, coccerin, varying in amount from i to 4%, also 
exists in cochineal. 

Although for many purposes cochineal has been replaced by arti- 
ficial red dyes, it is still used to a very considerable extent in the pro- 
duction of scarlet cloth for dress uniforms for the British Army. It 
is also largely employed in the preparation of cochineal carmine, an 
artists’ pigment which is very stable under the action of light. 

Ammoniacal cochineal consists of carminamide, C^HaO^N, an 
amino-compound of carmine redf and is produced by allowing ground 
cochineal to remain in contact with ammonia for several days. It 
dyes a beautiful purple colour in conjunction with tin mordant, but is 
now practically obsolete. 

Examination of Cochineal. — Genuine samples of cochineal vary 
considerably in colouring power, the insects being jdlled immedi- 
ately before egg laying. Cochineal is not now adulterated to the same 
extent as was the case when it was the chief scarlet dye available. A 
silver-grey appearance and additional weight is sometimes given to 
black cochineal by covering it with barium sulphate. 

Another mode of sophistication is to partially extract the colouring 
matter by boiling the insects in water and then re-drying. 

The relative values of samples of cochineal are best determined by 
a comparative dye trial, using wool previously mordanted with 4% 
stannous chloride and 4% cream of tartar; about 5% of the dyestuff 
being the most suitable amount. ' A satisfactory colorimetric method 
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may, however, be carried out as follows: 0.25 grm. of each sample is 
finely powdered and boiled with 200 c.t. of alcohol for 15 minutes, 
then cooled and made up to 250 c.c. with alcohol. 5 c.c. of the filtered 
solution along with i c.c. of 1% solution of alum is diluted to 100 c.c. 
with water and the relative intensity of colour is determined. The 
full colour develops in 2 to 3 minutes. 

Mineral matter should be estimated, genuine samples containing 
less than 1%. 

To detect cochineal in alimentary substances, E. Lagorce recom- 
mends that the substance should be dissolved in water or weak alcohol 
rendered faintly acid with acetic acid. The liquid is then agitated 
with amyl alcohol, separated and evaporated in presence of water. 
The aqueous solution obtained is treated with a few drops of a 3 per 
cent, solution pf uranium acetate, when a beautiful bluish-green col- 
ouration or precipitate will be produced if cochineal be present. Acids 
destroy this colour, with production of the orange lint of the carminic 
acid. In the case of wine, the amyl alcohol employed should be mixed 
with an equal volume of benzene, or, preferably, toluene, as otherwise 
cenolin will also be taken up, and will mask the reaction of the 
cochineal. A^imoniacal cochineal, which has been occasionally em- 
ployed to colour wine, produces a rose-violet or violet-blue lake with 
uranium oxide. , Logwood gives a somewhat similar reaction, but may 
be distinguished from cochineal by the production of a purple tin- 
logwood lake;* cochineal producing a bright scarlet tin-lake. 

Cochineal carmine or carmine lake is a brilliant red pigment 
produced by precipitating a decoction of cochineal by alum or stannic 
chloride with addition of acid oxalate or tartrate of potassium. The 
employment of a decoction of cochineal itself, and not of carminic 
acid, is also a necessary condition, the nitrogenous matters being 
essential to its formation. ^ A sample examined by C. Liebermann 
{J. Soc. DyerSf 1885, i, 269) contained, after drying, 3.7% of 
nitrogen, only 0.25% of which could be expelled by boiling 
with dilute alkali. The remainder appeared to exist as pro- 
teins, or probably in part as tyrosine.® The ash was white, and 

'Several recipes, collected from standard '!rorks. have pubH^ed by M. Dechan 
tr'ttarm.y., [3]^ til). The English process is said to consist in tailing i lb. of cochineal 
and * oz, of pota^um carbonate with 7 gallons of water for 15 minutes. The heat hav- 
ing 0^ withdrawn, 1 o*. of powdered alum is added, and the liquid stirred and allowed 
to ^ttle. Tlie clear liquid is decanted, i oz. of isinglass added, and heat applied till a co- 
aguiurn formsj when the liquid is stirred briskly anfi allowed to settle, 
f .. albumin and gelatin are sometimes employed in preparing carmine, it does not 
touow tiiat the whole of the nitrogen present had its origin in the cochineal. 
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amo^mted to 8. i%» loo parts contained 43 of alumina and 45 of lime, 
0.67 of tin oxide, and small proportions of magnesia, alkalies; and 
phosphoric acid. The composition of the 'original carmine was 
probably approximately: water, 17; mineral matter, 7; nitrogenous 
matters, 20; and colouring matter, 56%; with traces of wax. 

Cochineal-carmine is liable to adulteration with starch,' kaolin, 
vermilion, red-lead, chrome-red, etc. These admixtures may be 
detected by treating the*sample with dilute ammonia, in which a pure 
sample should be completely and readily soluble. The solution of 
cochineal-carmine in ammonia yields no precipitate with ammonium 
oxalate, and the precipitate produced on adding an acid is a lake 
from which the colouring matter can only be set free by heating with 
moderately concentrated mineral acid. If the ammoniacal solution of 
carmine be heated on a water-bath, with constant stirring, until entirely 
destitute of ammoniacal odour, the product is a deep ruby-red liquid 
which gives no precipitate with mercuric chloride, and becomes pur- 
plish on addition of ammonia. Vermilionette, an eosin lake, can 
be recognized by treating the colouring matter with dilute, sulphuric 
acid and agitating the liquid with ether, which on evaporation will 
leave the eosin in a condition ready for further examination. 

, Commercial cochineal-carmine contains: colouring matter 30 to 65, 
aluminium and lime 5 to 12, and moisture 2 to 20%.^ 

Carmine is employed by artists, paper-stainers, and textile-printers. 

. Lac-dye is the product of Coccus lacca^ which lives on the banyan 
and other trees, on the twigs of which the ova are deposited. From 
the mature and impreg;nate(r female insects a resinous substance 
exudes, which encloses the eggs. The twigs, with the attached resin 
are sold as stkk-lac. If the resinous concretion be removed, 
powdered, and triturated with water, the greater pait of the colouring 
matter dissolves, and the residue when dried is kno^ as seed-loc. 
If this be melted and squeezed through cotton, it yields skell-lac 
or shellac^ (see vol. 4, p. 67). The following figures by Hatchett 
indicate the relative composition of these three lacs: •’ 



Stick-lac, 

Seed 4 ac. 

Shell~lac. 

Re»n 

68.0 

* 88.5 

90.9 

ColouriDg matter 

lO.O 

2-5 

o-S 

Wax 

6.0 

4 *S 

40 

Gluten 

S'5 

a..o 

2.8 

Foreign bodies 

6.5 


1 . 8 

Low 

^ 40 



100.0 

XO0.0 
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Lat-dye is prepared by treating stick-lac with a weak alkaline solu- 
tion and preci|»iUlting with alum, or with lime to which some alumina 
has been added. 

The colouring matter of 4 ac-dye has been investigated by R. E. 
Schmidt (/. Soc, Dyer^yand Col. 1887, 3, 122), who terms it laccainic 
add, an points out its dose resemblance to carmkiic acid. 

Laccainic acid, CigHiaOg, forms a brownish-red crystalline powder 
or crust, appearing under the microscope in weU formed rhombic tables. 

It melts without decomposition at 180°. It is abundantly, though 
slowly, soluble in alcohol, and freely soluble in wood spirit, amyl alco- 
hol, and glacial acetic acid. It is somewhat less soluble in water, with 
bluish-red colour, and is insoluble in benzene and petroleum spirit. 

It resembles carminic acid in being nearly insoluble in ether, but not ^ 
precipitated on adding ether to its alcoholic solution. It is a well- 
defined dibasic add, and in its reactions and the absorption-spectrum 
of its alkali-metal salts closely resembles carminic acid; but a difierence 
exists between the absorption-spectra of the two substances when dis- 
solved in strong sulphuric acid. 

Schmidt gives the following results obtained by the analysis of 2 
samples of lac-dye; 


I. 2. 

M(^tufe (expelled at ioo“) 9-o 11.26 

Mineral matter iS -7 1^-24 

Coloring matter 10 4 ^ 3 -®® 

Other organic matter . . . 64.9 5 7 3 ® 


100.0 100.00 


A good lac-dye should be soft enough to be broken with the fingers, 
and should powder readily under the pestle. The fracture should be 
deep in colour, not shining and reanous. When breathed on, it should 
emit a strong and characteristic odor. Samples which are hard and 
hav^ a resinous fracture are usually poor in colouring matter, and con- 
tain an^ excessive proportion of resin.* The amount of this consti^ent 
may be judged of from the bulk of the precipitate produced on dilut- 
ing the alcoholic solution of the lac with water. 

A superior variety of lac-dye is obtainable by treating stick-lac 
with weak ammoxyia, and adding stannous chloride to the solution, 
when the colouring matter is thrown down as a fine red tin-lake. 
A lake is also^obtained by substituting sodium hydroxide and alum for 
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the ammonia and tin salt in the above process. Lac-lake Usually 
contains about 50% of colouring matter, 40 of resin/ 9 of alumina, and 
1% of impurities. 

Lac-dye gives much the same colour as cochineal, but two or three 
times the quantity is requisite to produce the same effect. 

ORCHIL AND CUDBEAR. 

Purple dyes derived from lichens have been in use from time im- 
memorial. A considerable number of species of lichen are used in the 
manufacture of orchil and cudbear, the chief being Hoccelh tinctoria, 
known as Valparaiso weed, and R, fuciformiSj or Lima weed. Other 
species are collected in Sweden and in the Auvergne district. 

The lichens do not contain any ready formed colouring matter but 
certain colourless compounds, from which colouring matter is produced 
by the ^action of ammonia and air. The principal colour-producing 
compounds existing in the lichens are erylhrin, C20H22O10, kcanoric 
acidy CjjHjiOy, and evernic acidy Cj7Hj^07. These all yield the 
colouring principle orcinoly C^HgO^, from which the colouring matter, 
orceiUy C,4Hi2N203, is directly produced. 

Orcinoi. Orcin. 3 : 5-dihydroxy-methylbenzene. C<,H3(CH3)- 
(0H)2. — This substance is homologous with resorcinol. 

It forms six-sided monoclinic prisms, melting at 58° and containing 
C7Hg02 + HjO. The crystals effloresce gradually over sulphuric acid, 
and more rapidly when heated to 100^. The anhydrous substance 
melts at about 107°, and distils^with some decomposition at about 287^^ 
under atmospheric pressure, but may be obtained pure .and colourless 
by distillation in vacuo. When pure, orcinoi is colourless, but it 
acquires a pale reddish-brown colour on exposure to air. It has an in- 
tensely sweet, but unpleasantly astringent taste. Orcinoi is extremely 
soluble in hot water, but much less so in cold. It is almost completely 
precipitated in fine needles when its concentrated solution is warmed 
with saturated brine. Orcinoi dissolves readily in alcohol and ether, 
but 1 ^ easily in hot benzene. The crystals deposited from the ethereal 
’ solution are anhydrous. It is neutral in reaction, but possesses marked 
acid properties. It readily decomposes sodium carbonate, and pre- 
cipitates silica from silicates. 

With oxidising agents orcinoi yields oxalic ‘acid. With concentrated 
sulphuric acid it gives a sulphonic acid. When treated with a solution 
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of bleaching powder, orcin yields an intense purple-red colouration, 
which rapidly changes to yellow. The most minute trace of orcinol 
may be detected by this test. 

If an alkaline solution of orcinol be heated with a little chloroform, 
it becomes first purple-red and then bright red, and on dilution with 
water exhibits an intense greenish-yellow fluorescence, from the forma- 
tion of homofluorescein, This reaction (Schwartz Her., 

1880, 13, 543) is so delicate that the compounds which yield orcinol 
on treatment with alkalies can readily be detected by this means in 
the lichens containing them, by simply boiling a few fragments of the 
plant with a 5% solution of potassium hydroxide, adding a little 
chloroform to the clear liquid, then wanning the solution for ten 
minutes and diluting it with water. 

An aqueous solution of orcinol is not precipitated by mercuric 
chloride, lead acetate, cupric sulphate, tannin, or gelatin. With basic 
lead acetate it yields a white precipitate, and with ferric chloride a 
violet-black colouration or red precipitate. 

On addition of bromine-water to orcinol in aqueous solution, tri- 
bromorcinol, C7H5Br302, is formed, and the reaction has been recom- 
mended by Reymann for the quantitative estimation of orcinol and 
the assay of archil weeds. The process is carried out exactly as in the 
volumetric determination of phenol by bromination. 

Orcein, is the product of the action of ammonia and 

oxygen on orcinol. It forms a brown amorphous mass, having a beetle- 
green lustre. Orcein is somewhat soluble in water with a red colour, 
but is reprecipitated from its solution by neutral salts of the alkali- 
metals. In ether it is insoluble, but dissolves readily in alcohol, 
yielding a scarlet solution. In fixed alkalies and ammonia orcein 
dissolves with formation of splendid purplish-violet solutions. 

Manufacture of OrchiL-^The weeds are torn into small frag- 
ments and placed in iron boilers with a dilute solution of ammonia. 
The .temperature is kept at 35-45° during from 5 7 days. The 

fermentation which ensues results in the production of orcinol, which 
is finally converted into orcein. The process is controlled by with- 
drawing samples and testing from time to time. If the fermentation 
proceeds too far the colouring matter is destroyed. 

The product still containing the weed residue is known as orchil 
paste. Orchil liquor is obtained by straining off the worthless solid 
residue. 
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Cudbear is produced by evaporating orchil paste to dryness and 
grinding. 

Orchil and cudbear are still used to a very consideHble extent on 
wool and silk, being applied either without or with a mordant, and in 
a neutfal or acid bath. 

Examination of^Orchil and Cudbear. 

Different samples of orchil or cudbear may vary much in , 
strength, brilliancy, and hue, without being purposely adulterated. 
Comparative dyeing trials carried out on woollen yam or cloth are the 
most satisfactory method of valuation. Dye tests should be made 
both in neutral and acid solution, using 3 to 5% of the dye. In the 
case of the neutral dyeings, about 3% of sulphuric acid should be added 
after removing the wool, and a second piece of wool dyed in the same 
vat, this rendering evident any adulteration with an acid coal-tar dye. 
The degree of exhaustion of the iJaths frequently varies much with 
different samples and should be investigated either by successive 
dyeings or by colorimetric examination of the waste dye liquors. 

The most frequent adulteration is the coal-tar dye, magenta^ which 
may be detected as follows (Breinl, 7 . Soc. Dyers and Coit 1888, 4, 46, 
improved by Rawson, J. Soc. Dyers and Co/., 1888, 4^ 68): 

2 gnn. of cudbear, or 4 grm. orchil liquor are dried and boiled with 
50 c.c. alcohol for 15 minutes, and then diluted with 100 c.c. of water. 
20 c.c. of a solution of basic lead acetate (sp. gr. 1,25) followed by 
20 c.c. strong ammonia are added. After shaking, the solution is 
filtered, and the precipitate washed with a solution containing i part 
ammonia, 5 parts alcohol, and 10 parts water. 

With pure cudbear the filtrate remains colourless on acidifying with 
acetic acid, whereas if magenta is present, a strong red colour is imme- 
diately developed. The amount is estiniated by comparison with a 
standard solutioA of magenta. 

This process is also applicable for the detection of Methyl Violet 
and Safranine, which may be distinguished by dyeing a small thread 
of wool in the solution and applying tests for those colouring matters. 

Breinl, has also studied the reactions of a number of coal-tar 
colours similar in shade to orchil. Kertesz ( 7 . Soc. Dyers and Col, 
1885, I, 217) tests for acid magenta as follows: 

A small quantity of the sample is boiled With water and filtered. 
The filtrate is mixed with a little benzaSdehyde, and staijipous chloride 
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and hydrochloric acid are added. . On shaking and allowing to stand, 
the lower layer of liquid will appear coloured if Acid Magenta is present. 
Liebmann and Studer detect magenta and acid magenta as follows: 
I grm. of the dye is boiled with 100 c.c. of water and after cooling 
saturated with SOj. Acetone is then added, when, if magenta or Acid 
Magenta is present, ayiolet colour gradually develops. 


LITMUS. 


Litmus. — This product is allied to orchil. It is prepared from vari- 
ous species of Rocelhj Vdriolariaj andLecanoria by allowing them to fer- 
ment in presence of ammonia, as in ‘the manufacture of' orchil, except 
that in the case of litmus potassium carbonate is likewise added. When 
the mass has become violet, stale urine, lime, and potassium hydroxide 
are added, and the mass is again allowed to ferment until it assumes a 
blue colour, when it is mixed with chalk or gypsum and a little indigo, 
and made up into small tablets. 

On extracting litmus with cold alcohol, a red colouring matter is 
obtained, which is unaffected by acids, and yields litmus-blue and 
another substance on treatment with water. On evaporating this 
solution, and treating the residue with absolute alcohol and a little 
acetic acid, a scarlet colouring matter is removed, which is changed to 
purple by ammQnia, while the pure litmus-blue remains behind as a 
brown.powder, soluble in water to a reddish-brown solution, which is 
turhed blue by the slightest trace of an alkali. 

Azoliiminf C7H7O4N, the characteristic colouring matter of litmus, 
may be obtained in a state of purity, according to DeLuynes, by digest* 
ing I part of ordnol with i of strong ammonia, 25 of crystallised sodium 
carbonate, and 5 of water, at 6o°-8o° for 4 or 5 days in a closed 
vessel, A blue liquid is thus obtained, which is diluted with water and 
slightly acidified with hydrochloric acid, when a precipitate is formed, 
which, after bdng washed and dried, is regarded as pure azolitmin.^ 
So obtained, azoiitmin is a reddish-brown powder, which is only 
slightly soluble in water and insoluble in alcohol and ether. Azoiitmin 
appears to have the characters of a weak acid, the salts of which are 
blue, and the potassium compound of which exists in litmus. 


. * prmiw Molitmin by eathausting powdered litmus with mmog wth 

clean fine sand and evaporating on a water-bath. Sufficient hydrochloric acid is added 
^ Jive a red •n h it jon after the carbon dioxide has been driven off, and the evaporation is 
^tinued to dryneet. The residue U washed with water and again evaporated on a water- 
bath, after which the sand is freed from its coating of pure aMlitmin by tr^tment -mth 
Weak ^ g «r\fitTnit> U finkll/ obtained from its solution by preapitation witn 

sulphuric 
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Litmus exhibits a very characteristic absorption-spectrum. Ether 
extracts it from an acid solution, and forms a yellow liquid, which 
absorbs the more refrangible end of the spectrum to a point midway 
between D and E. On adding a drop of ammonia to the ethereal 
solution the liquid becomes blue^ and an absorption-band is formed, 
which commences at d, where it is extremely^ blacky and gradually 
diminishes to E. On shaking the ethereal solution with ammoniacal 
water, the colouring matter passes into the aqueous liquid, and the blue 
solution shoVs a well-marked absorption-band at D. Addition of 
add now changes the colour to red, and the band at D disappears, the 
spectrum of the acidified liquid resembling that of cenolin, the colouring 
matter of red wine. 

Litmus is not employed in dyeing or. calico-printing, but is used for 
colouring wine and vinegar, and in the laboratory is well known as an 
indicator of neutrality. * . 

Litmus gives a deep blue colour with alkalies and a red with acids; 
alkaline carbonates also produce a blue colour. As litmus is sensitive 
to carbonic acid and hydrogen sulphide, when carbonates or sulphides 
are titrated in its presence, the carbonic acid and hydrogen sulphide 
gases which are liberated must be driven off by boiling before the end- 
point is taken. Litmus is a good indicator for titrating the acids 
present in the normal salts of such alkaloids as quinine, strychnine, 
morphine, narceine, and papaverine, since these are neutral to litmus. 
The alkaloids caffeine, narcotine, and theobromine are also neutral to 
litmus, but their salts act like a corresponding amount of the free acid. 
Aniline, toluidine and quinoline exhibit a neutral reaction toward 
litmus, and hence cannot be titrated by its acid. 

MADDER. 

Before the introduction of artificial alizarin in 1868, madder was the 
most important of the natural dyestuffs with the exception of indigo.. 
It has now been almost entirely replaced by artificial alizarin, and 
used only to a very limited extent. 

Madder is the ground root of the Rubia tinctoria^ or pther allied 
plants. The roots are dug up, ground, and stored for some time to 
develop the colouring matter. 

The colour-producing substance exists in the root in the form of a 
glucoside, rubianf CjgH„0|4. This substance is sparingly soluble in 
cold, and more easily in hot water, alcohol, and ether. During storage, 
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or in the dye-bath, it undergoes hydrolysis, this being chiefly brought 
about by the action of a specific enzyme erythrozym. 

The chief colouring matter is alizarin, C^HgO^, but small quantities 
of purpurin, CuHgOs, are also formed. Both these colouring matters 
(as also a large series of derivatives from then) are now produced in 
large quantities by synthetic processes. (See Coal-tar Colours.) 

Samples of madder are now so rarely met with that it is unnecessary 
to enter into detail with regard to their analysis. The comparative 
value is best determined by dye trials carried out on mordanted wool 
or cotton. In the case of wool, tests should be made both on potassium 
dichromate and on alum mordants. 

REDWOODS. 

The so-called fed dye woods are now almost entirely obsolete. 
They are divisible into 2 groups — the soluble and insoluble redwoods. 
The former group comprises Brazil or Permanbuco wood, peach 
wood, Lima wood, and Sapan wood. These appear all to contain the 
same colouring principle, brazilin, which, by “ageing” 

(oxidation) is converted into the colouring matter brazikin, 
the change being analogous to the conversion of hematoxylin into 
hematein. 
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Commercial 

name. 

Botanical Geographical 

origin. origin. 

Colouring principle. 

Name, 

Formula. 

SoIh&I« Redwoods. 





Brazil wood; Per- 
nambuco wood. 

Wood of Ccesalpinia 
Brasileinsis and 

C. Crista. 

; Brazil, Perambuco, 
Jamaica. 

Brazilin, 

CjsHuOs 

Peach wocxi. 

Wood of Ccesalpinia 
echinata. 

Nicaragua, Siena 
Nevada. 

Biazilin. 

CiftHnOs 

Sapan Wood. 

Wood of CiBsalpinia 
sapan. 

Siam, Japan, East 
Indies, etc. 

Brazilin. 

j 

CisHkOs 

Insoluble Rtd- 
ivoods. 

i 

i 



Sandal, Santal, or 
Sanders wood. 

Wood of Pterocaf' 
pus sankdinus. 

E^t Indies. Cey-: 
Ion, Madagascar. ' 

Santalin. 

Ci6Hi*Os(?) 

Banvood. 

Wood of Baphia 
niHda. 

Sierra Leone. 





Of 

wood. 

Wood of species of 

West coast of 
Africa. 
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The soluble redwoods are mordant'dyes and produce purple shades 
with chrome mordant, and crimson with alum. These woods are 
stiH imported to a considerable extent, but are used in making pigments 
•and not in dyeing. 

The’insoluble redwpods comprise camwood, barwood, and sandars- 
wood. The only application of these woods in dyeing is that of 
“bottoming’* indigo blues, the wool being boiled for sometime with 
the wood before being dyed in the vat. 

The colouring matters of these woods do not appeaf to be iden~ 
fical, but they have not been thoroughly investigated. That of sanders^ 
wood is santalifij C ,511,403. Samples may be examined by dye 
trials made on wool mordanted with 2% of potassium dichromate. 

ALKAinST. 

This consists of the cortical parts of the root of Anchusd tincioria. 
The colouring matter alkannin is best obtained pure by extracting 
alkane t root with dilute potassium hydroxide solution, and agitating 
the solution with ether to remove a reddish-brown impurity. On 
saturating the alkaline liquid with carbon dioxide the alkannin is pre- 
cipitated, and may be purified by solution in ether. 

Alkannin^ Anchusin^ or Anckusic Acid , — This compound (probably 
either 0,511,404 or 0,511,204) is a reddish-browm resinous substance 
of metallic lustre. It is insoluble in water, but soluble in alcohol, 
glacial acetic acid, ether, chloroform, carbon disulphide, turpentine, 
and fixed oils. The alcoholic solution is crimson, and is unchanged 
by exposure to light or by continued boiling. It gives a blue colouration 
with alkalies (restored. to crimson by acids), ‘ a bluish-violet precipitate 
with aluminium acetate, a crimson precipitate with stannous chloride, 
and a purple precipitate with stannic chloride. Lead acetate produces 
ja blue, and iron salts a violet precipitate. Alkannin forms a diacetyl- 
derivative which crystallises from glacial acetic acid in brownish-yellow 
grains. It is evidently a derivative of methyl-anthracene, CiaH,2, as 
that hydrocarbon Js formed when the colouring matter is distilled 
with zinc-dust. In its tinctorial properties and absorptidn-spectrum, 
anchusin resembles quinizarin. 

The most characteristic test for alkanetj^and alkannin is the absorp- 

* PltpCT impr^piatad with ah alcoholic solution of atfawTilti forms the to-called Bc^ttgcr s 
teit pt^MT. It if ytty teofitive to free ^Icaltei and allmltna laHe atuL particularly vo 
emnwnia, the alighteat traceaof which colour the paper green. 
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tion-spectrum. The solution ki amyl alcohol gives the best results, 
and exhibits 3 eqmdistant bands in the blue-green. On adding 
ammonia these give place to 2 bands, one nearly coincident vnth 
and the other on the red side of the D line. 

Alkanet ropt may be assayed by treating it with ether, which should 
exitrart not less than 5% of colouring matter. It was formerly used 
for dyeing" various shades of violet, lilac, lavender, and yellow, but 
has been superseded for such purposes. It is used for staining wood 
crimson, and is employed in perfumery for colouring oils and pomades. 
An alkaline solution is sometimes used to colour syrups. Tincture 
of alkanet forms a very good substitute for litmus. 

SAFFLOWER. 

This consists of the bloom or petals of a plant resembling the 
thisde, indigenous to Egypt and the Levant, and cultivated in other 
countries. It varies much in quality, the Egyptian being the richest 
in colouring matter, ^and after that follow the Indian and Chinese. 
The colour of good safflower is a fiery red; a dull red colour is an indi- 
cation of bad preparation. 

Safflower contains 2 yellow colouring matters, one of which is 
soluble in cold water, and exists in considerable proportion (26 to 36%) ; 
the other is insoluble in water, but dissolves in alkaline liquids. Beside 
these, safflower contains a small proportion of a red colouring matter, 
carthamiA, which is the only constituent of value. The proportion 
of insoluble yellow colouring matter varies inversely with that of 
earth amin. 

Carthamin, Cj4H,,07, the red colouring matter of safflower, forms 
only from 0.3 to 0.6% of the weight of the flowers. To prepare it, 
safflower is washed with cold water till no more soluble yellow colouring 
matter is removed, after which it is treated with water and 15% of its 
weight of crystallised sodium carbonate. The solution is strained 
from the insoluble portion, cotton yam immersed in it, and the liquid 
acidified with citric add. The cotton takes up the carthamin and an 
accompanying yellow colouring matter. When washed and treated 
with a weak* solution of sodium carbonate, the carthamin dissolves, 
while the yellow dye remains fixed on the cotton. On addifying the 
solution with tartaric add, the carthamin is thrown down as a bright 
red, amorphoiB predpitate, which, when mixed with a little water, 
VoL. V.— a8 
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forms the safflower extract or paste of commerce. ^ The product may 
be further purified by solution ii; alcohol and reprecipitating it by 
adding water. 

Carthamin is insoluble in water or ether, but readily soluble in 
alcohol and in alkaline solutions. The cherry-red alcoholic solution 
dyes silk without a mordant, and when allowed to evaporate on glass 
leaves a varnish which appears red by transmitted light and a beauti- 
ful beetle-green by reflected light. On addition of an acid, the alco- 
holic solution of carthamin becomes yellow, and alkalies also turn 
it yellow or orange. The colouring matter is very tmstable, and 
undergoes rapid alteration on exposure to air or when boiled with al- 
cohol or water. 

Carthamin has feeble acid characters. The ammonium salt yields, 
with stannic chloride, a yellowish-brown precipitate, with ’ ferric 
chloride a brownish- red, and with mercuric chloride a red precipitate. 

Carthamin dissolves with a red colour in strong sulphuric acid, 
probably forming a sulphonic acid, for the solution is not precipitated 
on addition of water. 

Safflower is best assayed by a miniature dyeing operation, and by an 
application of the method already ‘described for detecting and separat- 
ing any objectionable yellow colouring matter. 

The use of safflower has much decreased of late years, but it is 
still employed to some extent to dye silk, cotton, and linen various 
shades of pink and red. On fabrics dyed with annatto it produces a 
scarlet 

On the fibre, a rose, pink, or crimson colour due to safflower is 
immediately turned pale yellow by a single drop of alkali, and the 
colour is then destroyed by any further treatment. Weak acids do 
not affect the colour, but strong adds, chlorine, and sulphurous add 
bleach it at once. Alcohol has no action, but ammonia changes 
safflower pink (on cotton) to a flesh-tint, and ammonium sulphide 
decolourises it. 

* If the paste be triturated with French chalk and the mixture dried, a product is obtained 
which it employed as a rcmfc. 
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The number of artificially prepared dyestuffs occurring in commerce 
is very great and the difficulty of recognition is further increased by 
the practice of calling the same dyestuff by different names. In many 
cases also, different dyes give almost identical reactions with the 
standard reagents. 

The methods of examining colouring matters with the view of their 
identification require considerable modification when the dye already 
exists on a fibre or fabric, as the mordant and general condition affects 
the character of the indications. Hence the recognition of the dyes on 
fabrics has been described in a separate section. In the case of a 
specific colouring matter it is desirable to ascertain the shade it com- 
municates to cottcHi, wool or silk, as the shade which a dye will produce 
on a fibre can scarcely be determined from its appearance in the solid 
state, and in many cases cannot be predicted from the colour of the 
solution. 

The identification of a coal-tar dye is facilitated by the employment 
of certain general reagents, which will generally define the substance 
as belonging to a definite class of chemical compounds. The colour 
or absorption- spectrum of an aqueous or alcoholic solution of the dye 
is also a valuable indication, and water and alcohol may be employed 
to effect a qualitative separation of mixed colours in some cases. 

1. Physical Methods of Investigation. 

Absorption-spectra of Colouring Matters. 

A valuable aid to the recognition of many colouring matters consists 
in the observation of their absorption- spectra. For ffiis purpose a 
435 
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pocket spectroscope will often suffice, but it is better to employ 
a micro-spectroscope, furnished with a proper comparison-stage and 
reOecting prism, to allow of the spectrum of the colouring matter 
under examination being viewed in juxtapositioij with the spectra 
of standard specimens of known origin. 

In comparing the standard liquid with the sample, it is' necessary 
to regulate the light, so that neither spectrum shall suffer from ex- 
cess of illumination. This may be done effectually in the case of an 
object placed on the stage by«the ordinary diaphragm attached to 
the microscope. The comparison stage should be furnished with 
a slit, giving a means of regulating the intensity of the light failing upon 
the comparison prism. In using the micro-spectroscope, it is usual to 
employ the' colouring matters in the state of solution, and. it is not 
desirable to use too high a dispersive power, as in that case the absorp- 
tion-bands are apt to be imperfectly defined. The nature of the solvent 
is by no means an unimportant factor in the results obtained, H. C. 
Sorby having found that the position of the absorption-bands was in 
certain cases sensibly affected by the nature of the solvent employed. 
When possible, it is always advisable to use aqueous solutions. The 
liquid to be examined with the micro-spectroscope is most conveniently 
placed in a small cell made by cementing a piece of barometer-tube 
(half an inch to an inch in length) to a glass microscope slide by means 
of refined gutta-percha. , The cement is not acted on by water, 
alcohol, or acid or alkaline solutions. The tube-cell being filled with 
the liquid, is covered with a thin piece of glass (microscopic cover- 
’ glass). This is not absolutely necessary unless some change is antici- 
pated from the action of the air on the contents of the cell, but the 
precaution adds to the perfection of definition. In recording the 
results of a micro-spectroscopical examination, Sorby has suggested 
the use of an inkrference-spectrumj which divides the visible spectrum 
into 12 equal parts. With' such an arrangement the sodium line D 
^omes very accurately at 3 1/2, that is to say, in the middle of the 
fourth light space; the bands being shaded off gradually on each side, 
so that the shaded portions are about equal to the intermediate bright 
spaces. On this scale, the positions of the principal lines of the solar 
spectrum are about as follows: 

A B C D E \ 6 ^ F G 

1 «i 3i ii sH M 7i W 
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In using the micio-spectroscope it is desirable to perform the opera- 
tions and to subject the colouring matter to the action of reagents as 
much as possible in the tube-cell used for the observation of the 
absorption-spectrum. ^ 

In working ^th the micro-spectroscope it is very important to 
employ a strength of solution which will allow of the absorption- bands 
being well defined, mid yet permit of as much light passing as is com- 
patible with distinct absorption. This can only be ascertained by 
experiment in each case, a convenient plan being to employ a con- . 
centrated solution first of all, and then to dilute it with an appropriate 
solvent until the absorption-bands are satisfactory, noting the spectrum 
after each change in concentration. Solutions should be kept in 
small test-tubes, hermetically sealed and filled as completely as pos- 
sible with the solutions; but even under such conditions many colouring 
matters, especially those derived from plants, undergo specific change. 
Hence it i^ unsatisfactory to comare a recently prepared solution of 
a colouring matter with one which has been kept some time, unless 
is has been distinctly ascertained by previous experience that it is not 
liable to suffer change by long keeping. In employing the method as 
a means of differentiating colours it is necessary to compare the results 
with those produced by the pure colouring matters.® 

The Hilger type of spectrometer described in Vol. I. lends itself 
especially well to the rapid and accurate observation of absorption 
spectra. By means of it the wave length of the absorption bands 
can be rapidly measured. To obtain permanent photographic records 
of absorption spectra the various types of spectrographs are employed 
(see Vol, I.^ pp., *33-40). For details of observing absorption spectra 
of dyes see Formhnek, Dk qualitative Spectralanalyse, 

The absorption-spectrum of ‘a liqriid containing two distinct col- 
ouring matters not having any chemical action on each other is identical 
with that which will be produced if the light traverses solutions of the 
two colouring matters in succession. * By employing a reagent which will 

* The solid leegents should he employed in the form of coaree powder or small grains, 
which can be a^ed to the solution in the tube of the cell by means of a stout platinum 
'^re, hammered out mto a spatular form at one end. The reagent is best mix^ with 
the liquid by means of a platinum wire, of which the flattened-out part is bent up 
at ri^t angles so as to form a miniature hoe. By a vertical motion of this m the cell 

in manipulation, and an 
and vegetable colouring 
C. Sorby {Proceedings of 

* weSklTOfwn pn^uction of green by the mixture of blue and y^ow is due 

yellow solutions transmit (and all yellow pi^ents reflect) the ^teater ^rt 
the red, yeBow, and green li^t of the specUum, while absorhmg the blue and vioiet. 


venr speedy solution and admixture of the reag^t are obtain^. 

A large number of observations, together with valuable hints 
attempt at a syetematic qualitative discrimination of animal 
by the micTO-cDectToscooe. have been published by H. 
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destroy or modify one of the colours in a mixed solution without 
affecting the other, most valuable information may be obtained, and 
in researches on unknown colouring matters evidence is often thus 
afforded of the complex nature of the substance under observation. 

P. Schoop {J,Soc, Dyers f 1886, 2, 71) has described a means by 
which the absorption spectrum of a colouring matter may be applied 
to its quantitative determination. Girard and Pabst (Compt. Rend., 
1885, 1 01, 156) have described several coal-tar dyes likely to be used 
for adulterating wines and syrups. In some cases they can be ex- 
tracted and separated from the natural colouring matters by agitating 
the addihed liquid with amyl alcohol. 

Formknek {Zeits. Nahr-undGenussmiUelj 1899, 206), in his spectro- 
scopic investigations on dyestuffs, has found that the bands of some 
dyestuffs in the same solvent are very dose together; that some dye- 
stuffs do not possess any absorption-bands at all; and, in cases where 
the dispersion is small, the absorption- bands of some dyestuffs are 
superposed. In order to obviate these difficulties he examined dye- 
stuffs in different solutions, by which the positions of the bands were 
altered, or the same effect produced in the presence of acids or alkalies. 

Fluorescence of Colouring Matters. 

Many colouring matters, e. g., some of the eosins, rhodamines, mag- 
dala-red, purpurin, turmeric, resorcin-blue, iris blue, etc., exhibit 
characteristic fltiorescence. It is necessary that the liquid to be observ ed 
should be perfectly clear , as the presence of minute suspended particles 
often causes the production of a similar effect which may lead to 
erroneous conclusions. As a rule, the phenomenon may be observed 
by filling a small test-tube with the solution to be tested, holding it in a 
vertical position before a window, and observing the solution from 
above against a dark background. Another plan is to make a thick 
streak of the liquid on a piece of polished jet or black marble or on a 
glass plate smoked at the back, and to place the streaked surface in 
front of, and at right angles to, a well-lighted window- In this manner 
very fajnt fluorescence may be detected (see also Introduction^ Vol. h 
p. 40). 

Most Uu« liquids (and pigments) absorb tbe green ays very imperiectty. and it is 
such impure blues which produce greens on admixture with yellows, It the light vhjcn 
has traversed such ^ blue solution, *. g., indigoHextmct (or wm<^ Is reflected Irom svj* » 
blue pigment) be transmitted through a yellow liquid It. g., picrk add, or an 
eolation o£ potassium chromate), the green portion of the sf^trum will be almost th e om y 
part ahich survives the double absorption, and hence tiM U^t transmitted appears green. 
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On'the fibre the fluorescence of a dye is best shown on Wool 
and artificial silk show it sometimes, but on cotton the fluorescence can 
rarely be observed, Rhodamines being a notable exception. 

TINTOMETERS. 

The differ^t tintometers in use have been applied to the valuation 
of dye solutions. 

It must be remembered that the actual shade of solutions of dyestuffs 
may vary in the presence of third substances (electrolytes, etc.). 
There are, however, cases where this method is of value and may be 
applted, but great care must be taken in its use. 

A record of a definite shade of a solution (dye or otherwise) is of 
value, and may be used for standardising such solutions. With the 
Lovibond tintometer it is possible to register in terms of the coloured 
glasses used the colour composition of any dyed sample or solution. 
This may bp used indirectly in the analysis of dye materials where 
their tinctorial value is desired for future comparison with other 
samples of dyestuffs or dyed fabrics. 

The Lovibond tintometer is in use by silk, wool, and cotton dyers 
for testing the colour value of dyestuffs and comparing their relative 
action on different yarns, cloths, etc., and estimating the value of 
waste liquors. The fastness of colours against light, soap, acids 
alkalies can be determined and registered; and to a certain extent shades 
can be built up by its aid. It is also of use in determining the colour 
value of tannin extracts used in the weighting of silk, or dyeing of 
cotton. It is of value in testing the colour of oil, soaps, and also for 
registering the shade of lakes during the process of manufacture and in 
the finished state. 

The following sets of curves as originally published by Mr. Lovibond 
will illustrate its use diagrammatically. 

A considerable number of the colouring matters of commerce, 
possessing definite names, are mixtures of two or more dyes. Mechan- 
ical mixtures may usually be recognised by sprinkling the dye powder 
on a piece of filter-paper and then floating the latter on water or 
alcohol contained in a plate or flat basin. Stains appear on the 
paper, and if the dye is of a simple character, these are all of the same 
colour. On the other hand, if a mixture be under examination, the 
dye particles dissolve with their respective colours, and the paper 
appears^ of two or more tints, according to the number of different 
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colouring matters in the mixture. This appearance becpmeS very 
marked when the wet paper is held up to the light It is even possible 

gPUOmC ABSyOBPTION CURVtiS OR THBS® 
OOUMBROUL BAMPLSg OF LOpWOOQ. 



in this way to form an approximate idea of the relative proportions of 
the constituents of a mixture,* 

^Thii U of impoiiaflce when it it detired to ettadne dyet ‘^ordered to 

Thai many cheap vioieti contahi magenta. * 
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With mixtures of azo dyes, the constituents of which are too similar 
in shade to be recognised when dissolved side by side on filter-paper, 
the powdered dye may be sptinkled sparingly on the surface, of pure, 
concentrated sulphuric acid contained in a porcelain dish. In many 
instances the particles will dissolve TYith marked differences in colour. 
Thus a mixtu^ of Orange II (Mandarin) with Crocein Scarlet, when 

FADING CUBTE8 OP ANILINB DTBS ON WOOL 
* EXPOBED to DIRECT SOUTH DAYLIGHT. 


ACID OBUOt. ACID G B EBI f. 



VICIOBXA BLUR. VICTOEOA BLUR. 



Dajrs* Expotum. Par*' Exposure. 


sprinkled on sulphurig acid, will give carmine-red streaks and others 
of indigo-blue colour. This method of examination is very sensitive 
Marquardt {Farb, Zeil.j 1900, ii, 1 66-1 68) examines mixtures of dyes 
in the form of (a) powder gently blown on to wet filter-paper, (b) 
dusted on to surface of water; or, for more intimate mixtures, slips of 
blotting paper are suspended so that they just dip into a solution of 
the dye. The different colours rise at varying rates by capillary 
action. 

Capilltry Separation of Colouring Matters. 

Another method of examining certain mixed dyestuffs consists in 
dissolving the sample in the smallest possible quantity of alcohol, 
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diluting the solution with rather more than its own volume of water 
and then dropping the liquid on a piece of filter^paper, when concentric 
circles of different tones of colour will be produced if a mixture be under 
examination. Magenta has been examined in this way for Violaniline 
MauvaniUne, or Chrysaniline, and the same method may be employed 
for testing aniline blues and violets. 

The test is not reliable when the colours in a mixture possess the 
same, or nearly the same capillarity. 

A more delicate application of capillary attraction Js that of F. 
Goppelsroeder (J. Soc. Dyers and Co/., i888, 4, 5), who suspends a 
number of strips of Swedish filter-paper in such a manner that the lower 
ends of the strips dip into a series of small beakers containing solutions 
of the dyes to be tested. The solvent rises to a greater height than the 
colouring matter. Picric acid stands next to water in capillarity, and 
if the method be applied to a mixed solution of picric acid and turmeric, 
after a time three zones or layers may be distinguished. The highest 
narrow zone is produced by water only; below this there is a broad yel- 
low zone containing picric acid ; while in the lowest zone only the colouring 
matter of turmeric exists. If the lowest zone is cut off, the colouring 
matter dissolved off with alcohol, and the process repeated with the 
solution obtained, the picric acid zone will be observed to be very 
narrow and faintly coloured. Interesting results are obtained when 
indigo extract is examined in a simple manner. Traces of rosaniline 
may be detected in magenta by the same means. When an alcoholic 
solution of Azuline was examined by the capillary test three coloured 
zones are produced, namely, pink, violet, and blue. In the alcoholic 
solution of the blue zone, silk was dyed a much purer blue than by the 
original colouring matter. 

Patterson gives the following results of the “capillary speeds” of 
some well-known aniline colours; 

The numbers corresponding to each colour represent its capillary 
speed in millimetres per minute. The method employed for obtaining 
these results was as follows; Strips of pure, dry bibulous paper, meas- 
uring about 7,5 cm. long by 4 cm. broad, were prepared. Then 
a measured quantity (7.5 c.c.) of the colour solution under examina- 
tion, made with cold distilled water, was introduced into a beaker. 
The depth of this solution measured exactly 5 mm. The end of 
one of these bibulous strips was then dropped to the bottom of the 
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solution in the beaker, and the capillary ascent of the colour was 
accurately noted after one minute. 

Taking water as loo the following results were obtained, arranged 
according to their relative capillary speeds: 


Water loo 

Add Magenta loo 

Add Green loo 

Naphthol Green ' loo 

Orange G 92-8 

Fast Yellow 92 8 

Picric add 85.7 

Naphthol Yellow S #'82.1 

Uranin ' 78-5 

Tropjeolin 0.» 7*-4 


Acid Violet 

57-1 

Eosin 

S7-I 

Alkali Blue 

50-0 

Rhodamine 


Tropaeolin OOO 

42.8 

Malachite Green 

35-7 

Brilliant Green 

28.5 

Methyl Violet 

14-2 

Magenta 

14.2 

Phenylene Brown 

14-2 


Mechanical mixtures of dyes are common; more intimate mixtures 
are sometimes produced by co-precipitation, or evaporation of a mixed 
solution. In almost all such cases one of the constituents of the mix- 
ture possesses a greater affinity for fibres than the other, and it is this 
circumstance which forms the principal disadvantage of such mixtures 
in practice. If a dye-bath be made up with the colouring matter, and 
small samples of wool or silk dyed successively therein until the bath 
is exhausted, the colouring matter, if simple, will give a shading down 
from one and the same colour. But in the case of a mixture each con- 
secutive sample will have a different shade, and the ^rst and last 
samples will be entirely different in colour. The division obtained in 
this way is often a very sharp one, and it becomes easy to recognise 
impurities in colour whether due to accident or intention. The test 
can be conveniently conducted in a wide test-tube or small beaker, 
wool yam being the fibre used to withdraw the dye from the bath. 


IL Chemical Investigation of Dyestuffs. 

Several other systematic methods have been described for recog- 
nising the various commercial colouring matters. These schemes 
have generally the defect of describing the colouring matters merely by 
their commercial names, and of- being based merely on certain colour- 
tests. Bearing in mind the great number of dyes now met with in 
commerce, and the rapidity .with which they disappear and may be 
replaced by new colours, and old ones under new names, no complete 
scheme ‘of examination can be looked for. E. Weingartner (7, Soc. 
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Dyers f and Coi., i887> 3, 67), classified artificial colouring matters 
into 3 classes: I. Basic colouring matters soluble In water; 11: Acid 
colouring matters soluble in water; and III. Colouring matters insoluble 
in water.* 

The soluble basic colouring matters are distinguished from the acid 
dyes by a reagent prepared by dissolving 25 grm. of tannin and an 
equal weight of sodium acetate in 250 c.c. of water. This precipitates 
the basic dyes only. A few drops of the reagent are added to a 
I- 2% aqueous solution of the dye, and if any precipitation occurs 
the liquid is heated, as certain sulphonated derivatives of triphenyl- 
methane give precipitates at first which^ redissolve at a higher tem- 
perature. 

Weingartner^s tables for the recognition of artificial colouring 
matters are given below, Tlie group to which the dyestuff belongs 
having been ascertained, the colouring matter may usually be identi- 
fied by its special reactions. The reducing agent used being zinc 
dust. 

Observations . — After having reduced the basic colouring matter 
with zmc powder and hydrochloric acid, the liquid should be filtered 
rapidly. It is very important to neutralise the filtered liquid with 
sodium acetate, since hydrochloric acid in excess may form with the 
basic colour add salts of different colour from the neutral salts. 

The original shade does not appear on oxidation with the colouring 
matters in column F, but in certain cases oxidation produces shades dif- 


^ The (oUowiag table shows the solubility o{ certain coal-tar dyes in water 'and alcohol, 
as determined by A Brunner ( 7 . Soc. Dyers, tSSj, 3* 194): 



1 Amount dissolved by 100 parts of 

Colouring nutters ^ 

Water 

Alcohol 

Aurm 

almost insoluble 

40 

Bismarck Brown 


0.35 

CoraUin 

3 

0.5 

Dahlia Blue 

4 

t 

Eostn 

2 

t 

Ethyl Orange 

0.03 

alnriDst insoluble 

Gentian Violet 

1 -s 

3 * 

LuteoUn 

o.sB 

0.6 


• 0.3 

4 

10 

5 

Manchester Yellow 

a 

o.iS 

Methylene Blue 

3 

o.iS 


7 

0.35 

Methyl Violet 

3 * 

IS 

BaCraniae. 

0.6 

0.4 

TfOiMBoIin 00 

0.05 

o.x 

Vesuvine 


0.3 
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Table \.~^Artiiicial Colling Manors Soluble in Water. Basic Colouring 
, Matters. * 


The aqueoue solution gives a precipitate with the tannin reagent. The aqueous solution 
is heated with zinc powder and hydrochloric aci(L and filtered rapidly. If the decol- 
ourised liquid does not reoxidise on the filter, the filtrate is treated with sodium acetate 
and tbm weU shaken with air. 



The original shade reappears.^ 


The original 
shade does 
not reappear 

Red 

Yellow or 
orange 

Green 

Blue 

1 Violet 

Hagenta. 

Tolylene 

Red. 

Safranines. 

A 

Phosphine. 

Flavaniline. 

B 

Malachite 

Green. 

Brilliant 

Greeq. 

Methyl Green 

C 

Methylene 

Blue. 

Mew Blue. 

Muscarine. 

D - . 

Methyl Violet. ; 

Hofman's ' 

Violet. 
Mauveine. 
Amethyst. 
Crystal Violet, 

E 

Chrysoidine. 

Vesuvine. 

Auratnine. 
Victoria Blue. 
Methylene 
Green (see 
below). 

F 


Table II. — Artificiai Colouring Matters Soluble in Water. Acid Colouring Matters. 


The aqueous solution does not frve a precipitate with the tannin reagent. The aqueous 
solution is heated with zinc powdCT_ and hydrochloric acid, and filtered rapidly. If the 
decolourised liquid does not reoxidise on the filter, the filtrate is treated with sodium 
acetate and then well shaken with air. 


The solution is decolourised. 

The solution 
becomes 
brownish- 
red. The 
colour of the 

The original colour reappears 
on paper. 

The original 'colour does not appear. 

ammoniacal 
solution re- 
appears on 
the paper. 

The aqueous solution is 
acidified with hydiochloric 
acid, and treated with 
ether. * 

The colouring matter is heated on 
platinum foil. 

Alizarin S. 
Alizarin Blue 
S. 

Coerulun S. 

The ether dis- 
solves the 
colouring 
matter, and 
the solution 
immediately 
becomes cw- 

The ether 
remains 
colourless. 

It deflagrates 
withou t 
fonnati o ii 
of coloured 
vapours. 

Bums quietly, or slightly de- 
flagrates, giving on colour- 
ed vapors. 

Heat a piece of cotton cloth, 
not mordanted, in the aque- ' 
ous solution. 


ourless. 



1 

The colour 


Phthalelna. 

Eosins. 

Aurin. 

Sulphonated 

rosanilines. 

Stdphonated 

indulines. 

Nitro-colour-; 
ing mat- 
ters. 

tion of the 
dye is fast 
to warm 
soaping. 

does not 
resist warm 
soaping. 


G 

H 

I 

Azo-colours 
from benzi- , 
dine, etc. 

J 

Azo-colours. 

Tartrazin. 

Erythroan. 

K 

L 


* In many the use of an oxidising reagent has been found to be necessary. 
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fering frcrai the original. When Bismarck Brown (vesuvine) and chry- 
soidine are reduced, the di- and tri-amines are formed, which easily 
oxidise in the air with brownish-red colour. It is very important to 
distinguish this shade form the original, which is brown or yellow. 
After reduction and oxidation Methylene-green gives a blue shade. 

The oxidation of the reduced solution on the filter-paper may be 
facilitated by gently heating. Some colours reoxidise with such 
rapidity that the original colour returns while filtering. 

Methylene Green forms a dark green aqueous solution, which becomes 
quite colourless on reduction, but passes into sky-blue in presence of 
air,’ The solid dye substance dissolves in strong sulphuric acid with 
dark green colour. 

Observations, — a. The reduction of the acid yellow, orange, ponceau, 
and claret non-fluorescent colours requires special precautions. The 
best way is to treat with zinc powder and hydrochloric acid, and 
afterwards to neutralise with sodium acetate, as has already been 
pointed out. The reduction will often be too slow if ammonia or 
acetic acid be used. 

h. It is necessary, as before, to compare with great care the original 
colour with that which is produced by reoxidation, so that their identity 
or difference may be not mistaken. In the reduction of nitro- or azo- 
bodies, diamines or amino-phenols are formed, which on oxidation 
give dirty or brown shades. In the column K this remark equally 
applies to eiyth rosin, for when that colouring matter is reduced, iodine 
is separated and fluorescin formed. 

c. All the colouring matters not specified in a are reduced by zinc 
and ammonia. 

d. When the add colours are being reduced, the solution, as long 
as zinc-powder is present, should be colourless, or at most slightly 
yellow or red. 

e. The nitro-derivatives of the azo-colouring matters and of fluores- 
cein can be easily recognised by the formation of “Pharaoh^s serpents” 
on heating a small quantity (0.5 grm.) on platinum foil. 

/. In order to find the group NO, with certainty in a yellow colouring 
matter (e. g., picric add), it is necessary to add a little sodium carbonate. 

g. It is very difficult completely to reduce Alizarin 3 * It is therefore 
entered in column L. The colour of the ammoniacal solution more 
often returns, but if the reduction has been carried too far it does 
not reappear. 
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Table HL — Artificial Colouring Matters Insoluble in Water. 


The colouring matter is treated with water, and a little 5% solution of sodiuin hydroxide 
adddd. 


The colouring matter 
dissolves. 


The allcalme solution is 
filtered, treated hot with 
zinc-powder, and then 
pourra on a filter-paper. 


The colour of 
the alka- 
line solu- 
tion reap- 
pears. 

The colour of 
the alkaline 
solution does 
not reappear, 
Of the solu- 
tion changes 
colour during 
the reduc- 
tion, the new 
colour being 
permanent. 

It is dissolved. 

It is 
not dis- 
solved. 

The alcoholic solution 
is not fluorescent. 
Add a little 33% so- 
dium hydroxide solu- 
tion. 

The alcoholic solution 
is fluorescent. Add 
a little 33% sodium 
hydroxide solution. 

Indigo. 1 

Coerulrin 
(in paste). ' 
GaUein 

Gallo- 

cyanin. 

Galloflavin. 

Canarin. j 

Alizarin. 
Anthrapur- 
purin. 
Flavopur- 

The colour 
changes to 
red-hrown. 

The colour 
does not 
change. 

The fluor- 
escence 
disap- 
1 pears. 

The fluor- 
escence 
persists. 

1 


purin, 1 

Nitroalizarin. 
Alizarin Blue. 
Chrysamin, 
Solid green. 

Indulines. 
Nigrosines. 
Rosaniline 
Blue. 
Diphenyl- 
amine Blue. 

Indo- 

phenol. 

Magdala 

Red. 

Primrose, 

Cyanosin. 


U 

N 

0 

P 

0 

R 

S 


The colouring matter does not dissolve. It is 
" heated with 70% alcohoL 


0 . N: Witt (J.Soc. Dyers and Col, 1886, 2, 64; has given the fol- 
lowing tables which may be of value in special cases: 

* Ini^nthrene dyestuffs are ktluble in alkaline reducing agents such as an alkaline solution 
of sodium bydrosulphite from which they dye unmordantw cotton. 
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General remarks 

This dye is not much 
known; it is manu- 
factured by L. Durand 
and Huguenin, and has 
been usm to a small ex- 
tent in calico printing. 

Spectroscope ^ows a 
broad absorption band, 
which completely ex- 
tinguishes the yellow 
and green of the spec- « 
trum. 

Spectroscope shows ab- 
sorption band ^ rather 
more to the right, so 
that some 01 the yellow 
remains. 

The reaction with H*S 04 
► differs entirefo^ from that - 
in case of Magdala-red. 
The property of yieldmg 
colourless solution with 
concentrated H t S O ^ 
which becomes coloured 
dilution, is, a character- 
istic reaction of severs y 
quinoline dy^, and does 
not occur with dyes of 
other classes. 

!|!t 

1 ¥a . 
IM 


Einc powder 





: 



Solution 
in alcohol 
and ether 


alcohbl sal- 
mon red, 
without 
any fluores- 
cence. 

Solution in 
alcohol, 
bluis h-r e d 
with in- 
tense or- 
ange-red 
fluorescence 

taTJ 

“SS 

bolution in 
alcohol is 
fluorescent 
lik c w i s e, 
but the flu- 
orescence is 
greener. 

Solution in 
a Ic 0 h 0 1, 
dull bluish- I 
red. 1 

Solution in 
concentrated 

HjSOi 

Reddish-violet. 

Greenish-gray , 
turning red on 
dilution with 
water. A red- 
dish-violet pre- 
cipitate forms . 
afterwards. 

Colourless; on di- 
lution, every 
drop of water 
produces an in- 
tense red, which 
disappears on 
stirring. On di- 
luting sufficient- 
ly, the whole is 
coloured deep 
magenta. 

Lemo n-y e 1 1 0 w 
to orange. No 
striking change 
of colour on di- 
lution. 

Green, turning 
bluish-red on 

dilution. 

1 

0 

S 














! ^ 


^ Solution ii 
water 





Insoluble in < 
rather e a 1 
soluble in 
water. 



I 

z 

i 1 

c, 

s 

I 

th 

p« 

a®- 

It , 

1 

*■ , 

S 

0 

4 

8-5 . 

1 ' 

I'Sl 

*3 «? 

* 


■loqooi* m aiqttiOf Xnwg \ 
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2 « 




s| 


1 



tJ 


>» 


1 

s 


a| 


u 

0 


■u 




a°- 


Zinc powder' 

Zinc powder 
decolourises 
a solution 
which has 
been treat- 
ed with am- 
monia. On 
sprink ling 
the d e c 0 1- 
ourieed solu- 
tion upon 
blotting 
paper i t i s 
turned an in- 
tense blue 
by theaction 
i of the air. 

1 (Distinc- 
' tion from 
Eos in.) 

Zinc powder 
and ammo- 
nia decolour- 
ise but the 
colour does 
not return. 
Of but -very 
slightly ^ on 
admission 
of air. 

On warming 
with zinc 
powder and 
ammon i a, 
the solution 
is turned 
firs t pure) 
yellow andj 
then colour-' 
less. 1 

Solution 
n alcohol 
nd ether 

.Si 

d 

; 


0 } 








ss 

1 

■3 

.2 

>. 

5b. S' 

u“ ^ -TJ U 

“gwi a ^ 

lis 

c . 

i 

e 

0 


it 

■3 

0 

Ml V e 4 V S A> 


in 

i w.S 


1 

d'a 

d'o 

§^8 

-1 

t 

1 

’K 

•0:3 

'Acids give 
yellow I 
which u 
ether. 


it 

■c jj 


Solution in 
water 

1 

§r.-i 

6‘'-5o§ 

0 

Be 1 
■0 0 

If 

3 3 

a° 

The concen t ra ti 
solution in h 
water stiffens < 
cooling to a jell 

i 


J 

i 

H 

0 

s 

d 

' a: 

Q 8 c 
co-tJ'S 

|(q 



sS 

;38 

£ 

a.5 

Is 

1° 

DCJw 


ft; 
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-srao amuejin aqt m saXp otseq io s»Xp piav 
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weak evolution of niti 
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These earlier analytical tables of Weing^ner and Witt, are neces- 
sarily incomplete. Since the publication of these tables a large 
number of new dyestuffs have appeared, and considerable modihca- 
tions are necessary, but they may be of value under special conditions 
and they are therefore given in this volume. 

In using these tables certain precautions are necessary and the 
definition “soluble” and “insoluble” in water is sometimes not 
satisfactory in practice. The recent and important addition of insol- 
uble azo dyes which are so largely used as lakes must also be remem- 
bered. In the case of the zinc dust reaction, derivatives of triphenyl- 
methane are reoxidised by air with great difl&culty while the azines, 
oxazines, thiazines, and acridine colours change with great rapidity on 
exposure to the air. These triphenylmethane colours are, however, 
distinguished from those which are broken up instead of forming 
leuco-compounds by using a stronger oxidising reaction (chromic acid). 
This grouping into easily and. difficultly oxidising reactions is not 
entirely satisfactory in practice. The quinoline and primuline colours 
are reduced with great difficulty. The reduction with zinc dust may 
be conducted as follows: A little of the powder is added to the hot 
solution of colouring matter and after agitation hydrochloric acid is 
added drop by drop until the solution is decolourised. An excess of 
acid must be carefully avoided. It is better to always perform the 
reduction with ammonia as well as acid. In some cases only the ammo- 
nia method will give results. 

With some colours the reaction may be carried too far in the presence 
of adds, and no recovery of colour is then possible. Exposure to air 
is effected by pouring the reduced solution on to filter-paper and if the 
colour does not return within 2 minutes the chromic add solution is 
applied on the end of a glass rod. 

In the case of add colours and after spotting with chromic acid the 
spot should be held over a bottle of strong ammonia for some of these 
colours (eosins, etc.) do not show thdr true colour when add. Great 
care must be taken not to be led astray by secondary coloure which may 
be formed from the diamines and aminophenols obtained by reduction 
of azo colours. 

A. G. Green {J.Soc, Chetn, Ind.^ 1893, la, 3), taking WeingSrtner’s 
system as a bads, has constructed a scheme of analysis which is 
in the following tables. The following group reagents are employetl- 

I. A solution containing 10% of tannin and 10% of sodium acetate. 
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» I£ the reduction is carried too Car, the colour does not return. * Iodine is separated by the chromic acid, but disappears on exposure to ammonia. 


GROUP II.— DYESTUFFS INSOLUBLE IN WATER, 
powder or paste is treated with water and a few drops of s% sodium hydroxide solution. 
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2. Zinc dust and dilute hydrochloric acid, or zinc dust and aqueous 
ammonia. 

3. Solution containing 1% of chromic acid (for basic colours). 

' 4. Solution containing 1% of chromic acid or potassium dichromate 
and 5% of sulphuric acid (for acid colours). 

The members of the same group are distinguished from each other 
by their behaviour toward aqueous acids and alksdies, concentrated 
sulphuric add, alcohol, etc., and by their dyeing properties, (See the 
reactions of the various colours as given by Witt, WeingSrtner, and 
others.) 

A.G.Rota(CA«w. 1898, 22, 437) gives a systematic scheme for the 

analysis of dyestuffs, based on the chemical constitution of the dyestuff. 
In accordance with the views of Nietzki and Armstrong, the organic 
dyestuffs are regarded as quinone derivatives; those having the struc- 
ture of mono- and di-aminoquinones are capable of reduction by stan- 
nous chloride, while those in which the oxygen atom of the quinone is 
replaced by a divalent hydrocarbon group are not reduced. Thus, 
regarding 0 =R = 0 as representing an ortho- or paraquinone, the 
nitro-, azo-, and iminoquinone dyestuffs represented by O =* R or 
— N =1 R = R — are reducible, but the oxy quinone and triphenylmethane 
dyestuffs having the composition 0 = R ** C and — N =* R = C = are 
not reducible by this reagent. 

The reduced colouring matters can be subdivided into two groups, 
according to whether the colour is restored on oxidation with ferric 
chloride; and the unreduced colouring matters can also be subdivided 
according to their behaviour on treatment with potassium hydroxide. 

The reduction is carried out in an aqueous or alcoholic solution of 
the dyestuff diluted to about i : 10,000. Of this solution 5 c.c. are 
treated with 4-5 drops of concentrated hydrochloric acid and the same 
amount of a to% solution of stannous chloride. The mixture is 
shaken, and, if necessary, heated to the boiling point. Is not entirely 
decolourised, the solution should be diluted still further and more 
stannous chloride added. 

Sulphide dyestuffs may be detected by the evolution of hydrogen 
sulphide to which they give rise on reduction with stannous chloride 
and hydrochloric acid or an acid solution of titanous chloride: The 
hydrogen sulphide is tested for in the usual manner by the darkening 
which it produces on paper moistened with an alkaline lead acetate 
solution; the reagents should be tested for freedom from* sulphur and 
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account must be taken of other compounds containing sulphur which 
might react similarly. All sulphide dyestuffs are precipitated from 
aqueous solution by mineral acids. Indanthrene and other newer 
vat dyestuffs resemble indigo in being soluble in a solution of alkaline 
sodium hydrosulphite; they then form highly coloured solutions which 
dye unmordanted cotton. They are insoluble in water, in dilute 
acids, and in alkalies. 

By means of these tables the group to which a dyestuff belongs may 
be determined and be further identified by recourse to a table of re- 
actions for the particular group in question. 


TABLE A. 

GENERAL CLASSIFICATION OF ORGANIC COLOURING 
MATTERS, 


A poriim of the aqueous of diluted alcoholic solutim trealed.mth HO andSnClj. 


Complete decolourisation.^ Reducible colour- 
ing xnatters. 

The colourless solution after neutralisation 
with KOH is treated with or 

shaken and exposed to the air. 

The colour is changed no further than with 
HCl alone. Non-reducible colouring 
matters. 

A part of the original solution is minted with 
20% KOH and wanned. 

The liquid remains un- 
changed. 

Colouring matters not 
reoxidisal^. 

The original colour 
restored. 

Reoxidisahle colour-j 
ing matters. j 

Decolourisation or a 
precipitate. 

Imino-carbo-qui- 
none colouring mat- 
ters, 

1 No precipitation. 
The liquid becomes 
^ more coloured. 
Oxy-carbo-quinone 
colouring matters. 

Class I 

Class II 

Class III 

Class IV 

Nitro-, nitroso-, and 
azo colouring matters, ^ 
including azoxy- and 
hydrazo-colours. 

Indogenide- and 

iminoquinone col- 
ouring matters. 

Amino-derivatives 
of di- and tri-phenyl- 
methane, auramines, 
acridines, quinolines, 
and colour deriva- 
tives of thiobenzenyl. 

Non-aminordiphen- 
ylmethane colouring 
matters, oxy-ketone 
colouring matters 
(most of the natural 
organic colouring 
■ matters). 


‘ Som« indulines are only decolourised with difficulty, the solution never becoming quite 
colourless. 


VoL. V.- 


•30 





Ik 


0-5 


‘Some amino-azo dyestuffs (Aniline Yellow) behave like neutral dyestuffs, but differ from these in beinR decolourised by nitrous acid. 

* The presence of an amino group is detected by treating 5 c.c. of the warm solution with a— 3 drops of a 1% dilute acetic acid and the sa 
[uantity of a 1% potassium nitrite solution. Amino derivatives are decolourised or the colour is modified while non-amidated compounds 




TABLE C. 

Group II, — Dyestuffs Reduced by Stannous Chloride and Hydrochloric Acid^ the Colour Returning on Oxidation. 
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The following general methods of examination are of service in 
classifying the coal-tar colours: 

1. Agitate a small quantity of the dye with dilute sulphuric acid and 
ether. On separating the ether and evaporating it to dryness, a residue 
will be left if the dye contain an unsulphonated add dye, such as picric 
add (or a picrate) , a nitrocresolate (Victoria Y ellow) , a nitronaphtholate 
(Manchester Yellow), Aurin, an eosin, etc. The basic dyes are not 
removed from an addified aqueous solution by agitation with ether, 
and hence a complete separation of the above-named substances may 
be effected by the careful employment of this method. 

2. Another indication of the nature of a dye is obtained by adding 
dilute sodium hydroxide to the aqueous solution and warming. Basic 
coal-tar dyes, except those of the saf ranine class (saf ranine), are precipi- 
tated, while the solutions of acid dyes generally remain dear. 

3. E. Weingartner recommended for the distinction of soluble acid 
from basic dyes a reagent prepared by dissolving tannin in a dilute 
solution of sodium acetate. The preparation and application of this 
reagent are described on page 444. 

4. By the action of titanous chloride solution in the presence of 
sodium hydrogen tartrate, triphenylmethane and diphenylmethane 
dyestuffs are converted into leuco-compounds, which are only recon- 
verted into the corresponding dyestuffs by fairly strong oxidising 
agents, such as lead peroxide paste and acids, and not by mere 
atmospheric oxidation. By careful partial reduction with zinc dust 
and acetic acid azo dyes may be reduced to the corresponding hydrazo- 
compounds, which are reoxidised to the original dye by the action of 
the air, but it is by no means easy to stop the reduction at this stage; 
by energetic reduction with zinc dust and acetic or mineral acid or 
preferably by a titanous chloride solution containing free hydrochloric 
acid, azo-dyestuffs are converted into amino-compounds, the molecule 
being broken down. The resulting mixture of bases cannot be re- 
oxidised to the original dye, but an examination of the products of 
reduction may yield valuable information. Dyes of the indigo group, 
and also the indanthrene vat dyestuffs, are converted by afkaline re- 
ducing agents into solutions of leuco<oiupounds which are readily 
reoxidised by the air to the original dye. Sulphide dyes are decom- 
posed by powerful acid reducing agents, such as titanous chloride and 
hydrochloric acid, with formation of hydrogen sulphide, but care must 
be taken to make sure that this does not arise from impurities in the 
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reagents, or from other compounds containing sulphur which may be 
present. * 

5. J. Spiller {Chem. News, 1880, 42, 191) has shown that treatment 
of the sample with concentrated sulphuric acid affords a means of recog- 
nising coal-tar dyes, which are not charred by its action, under the 
following conditions: To apply the test it is merely necessary to heat 
a few grains of the solid dyestuff in a test-tube with concentrated sul- 
phuric acid. Useful informatiou can be gained by observing the ab- 
sorption-spectrum of the coloured liquid produced. The' property of 
yielding a colourless solution with Concentrated sulphuric acid, the 
liquid becoming coloured on dilution, is a characteristic reaction of 
several quinoline dyeSj and does not occur in the case of dyes of most 
other classes. Tabular statements of the indications of various dyes 
with concentrated sulphuric acid are given under each class of 
dyestuffs. 

6. In the case of basic dyes, the determination of the nature of the 
acid may assist identification. Generally the basic dyes occur in 
commerce as hydrochlorides, but exceptions to this rule occur. To 
detect the acid-radical the solution of the dye should be precipitated 
with ammonia or soda, and the filtered liquid acidified with nitric acid 
and tested with silver nitrate. In some few cases, especially with 
safranine, the base of which is freely soluble in water, this method is 
not applicable, and it is necessary to add the silver nitrate to the acidi- 
fied solution of the original dye. Double chlorides of the dye-base 
and zinc may be recognised by the presence of zinc in the ash left on 
incinerating the sample with ammonium nitrate, with the usual pre- 
cautions to prevent the escape of zinc in the form of metallic vapour. 
Common salt is often present in dyes, and it is important not to mistake 
the chlorine existing in this form for that present as the hydrochloride 
of a basic dye. Sodium chloride will be left as a residue on igniting 
the dye. Or the substance may be dissolved in water, the dyestuff 
salted out with sodium sulphate, free from chloride, and the solution 
then tested in the usual manner with nitric acid and silver nitrate 
solution. 

On ignition, the eosins leave residues, the solutions of which contain 
more or less haloid salts of the alkali-metals, and hence precipitate 
silver nitrate. But these dyes are not basic, and the colouring matter 
(containing one or more halogens in organic combination) can be 
separated from the common salt by agitating the acidified solution 
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of the dye with ether (compare page 474), The analyst must re- 
r member that many of the more recent dyestuffs, for example the halo- 
genated indigos, contain halogens in organic combination. 

The following list of those basic dyes liable to be met with in 
commerce in other forms than that of the hydrochloride may be of 
value: 


Name of dye. 

Formula of base 

P^rm combination. 

Magenta; fuchsine; rosamUne;l 
Aniline Red. 

CmHsoN,.OH 

Acetate. 

Azaleine; fuchsine. 

CioHtoNtOH 1 

Nitrate. 

Methyl-violet. 

Ci»Hii(CH0iNj.OH i 

^nco-chloride. 

Benzyl-violet. 

Ci*Hi,(CHi)»(C7H7)Ni.OH 
CuHi,(CH»)iN,.OH + aCHjCl 

Zinco-cbloride. 

Methyl-green. 

Zinoo -chloride. 

Iodine green ; Night Green. 
Benzaldehyde-green : M a 1 a - 
chite-green. 

C«)Hu(CH,),Ni.OH + 3CHK:1 

Zinco-chloride. 


Oxalate; rinco-chloride; fer. 
rico-chloride, 

Phosphine. 

NUe Blue. 

Ci*Hi»N. 

Nitrate. 

CisHiiNjO 

Sulphate. 

Methylene- Blue. 

CuHisNiS.OH 

Zinco-chloride. 


NitriUeSj acetates, and oxalates, in a few cases in which they oc- 
cur, can be sought for by the usual methods, in the filtrate from the 
precipitate produced on warming the dye with sodium hydroxide solu- 
tion. Picrates may be sought for in the same, or the original solution 
may be strongly acidified with dilute sulphuric acid, and agitated with 
benzene or ether. 

The great majority of commercial dyes are sold in the form of alkali 
or ammonium salts of sulphom'c acids, as these are soluble in water, 
the principal exceptions being certain basic dyes, vat dyes, sulphide 
dyes, and dyes of the anthracene series. 

The metals of the alkaline earths are very occarionaily met with. 
Ammonium salts can be readily detected by the evolution of a^nionia 
on warming the dye with sodium hydroxide solution. Other sul- 
phonates on ignition will leave sulphites or sulphates, in which the 
metal can be readily identified. Of cour^, the presence of sulphates 
in the ash does not demonstrate the previous existence of a sulphonate, 
unless the absence of an added sulphate in the ori^al dye has been 
.proved. This may usually be effected by adding barium chloride to 
the highly dilute aqueous solution of the dye. In the event of a col- 
oured precipitate being formed, probably consisting of the barium salt 
of the sulphonic add, this should be filtered off, washed, and digested 
with a solution of ammonium carbonate, which will decompose, any 
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barium sulphonates forming barium carbonate, without affecting any 
^arium sulphate present. On again filtering and treating the residue 
with dilute hydrochloric acid, any white insoluble residue must be 
tested for barium sulphate. Or more simply, the dye is salted out from 
aqueous solution with pure sodium chloride, filtered, and the colourless 
filtrate tested with Sarium chloride and hydrochloric acid. 

The metallic radical of many acid dyes can be detected without 
igniting by precipitating a concentrated aqueous ^lution of the col- 
ouring matter with pure concentrated hydrochloric acid, which almost 
always precipitates the free acid. After filtration, the metal may be 
identified in the filtrate. 

For the detection of the halogens existing in organic combination in 
the eosins and some other soluble dyes the substance should be dis- 
solved or suspended in water, and the liquid acidified with dilute sul- 
phuric add and agitated with ether. The ethereal layer is then 
removed, evaporated, and the residue mixed with excess of calcium 
oxide, free from chlorides, and then heated to redness in a combustion- 
tube. The product is treated with water, dilute nitric add added in 
quantity sufficient to effect solution and leave the liquid slightly acid, 
the liquid filtered, and a portion of the filtrate tested with silver nitrate. 
If any notable precipitate is produced, chlorides, bromides, and iodides 
are then sought for in the usual way. In the aqueous solution separated 
from the ethereal layer, metallic chlorides can be sought for directly 
by means of silver nitrate. 

Halogens in organic combination in insoluble dyestuffs, such as 
halogenated indigos, may be tested for by ignition with quicklime as 
described above, after washing out any inorganic chlorides with water. 
Similarly halogens in azo dyes may usually be detected by precipitating 
the colqur-add with nitric or sulphuric acid from an aqueous solution, 
washing with water, or saturated sodium sulphate solution until free 
from chlorides and then igniting with excess of quicklime in the usual 
manner. It will often be found more convenient to filter and wash 
the free colour-acid on a piece of boiled out cotton fabric rather than 
on filter-paper, as in the latter case the filtration is often exceedingly 
slow. ‘ 

Nitro-compounds, used as colouring matters, are of a yellow or 
orange-red colour. When warmed with metallic tin (or stannous 
chloride) and hydrochloric acid, they are converted into colourless 
amino-compounds, which do not become coloured again on exposure 
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to dr. This behaviour distinguishes them, except Acid Naphthol- 
Yellow, from the eosin dyes, but not from azo-colours. The latter, 
however, are usually sulphonates, and are not removed from their acidi- 
fied solutions by agitation with ether, as are the unsulphonated nitro- 
compounds, eosins, and most other phenolic dyes. The nitro-com- 
pounds also differ from the azo dyes by dissolving in sulphuric acid to 
form yellow or colourless solutions, whereas with the latter more bril- 
liant and striking colours are produced. The solutions of nitro- 
compounds, or fibres dyed with them, are but slightly altered by hydro- 
chloric acid (distinction from yellow azo dyes, which are reddened) ; 
while ammonia and sodium hydroxide tend to darken or redden the 
colour (distinction from Phosphine). 

The various phthaleins may be recognised by boiling the solution of 
dyestuff with potassium hydroxide and zinc dust, and examining the 
filtrate, after neutralisation with acetic acid, for bromine and iodine. 
Or the halogen may be determined by igniting the dyestuff with lime, 
dissolving in nitric acid and examining the solution. 

Thiazines may be distinguished from oxazines by detecting the 
presence of sulphur by fusing the dye with potassium nitrate and 
sodium carbonate and testing the melt for sulphates. 

If the dyestuff has been reduced by stannous chloride, the reduction 
product may be further examined after removing the tin with hydro- 
gen sulphide. Azo dyestuffs on reduction give at least two primary 
amines, which can often be separated by means of ether. The. reduced 
solution, after removing the tin with hydrogen sulphide, is treated 
with potassium hydroxide and shaken with ether. The non-sul- 
phonated amines will dissolve in the ether, leaving the sulpho- 
nated amines in the aqueous layer. The latter may frequently be 
further identified by observing the characteristic azo-con^)ounds 
formed with certain diazo-derivatives. The presence of a para-di- 
amine is recognised by the thiazine reaction, which is a treatment of 
the solution freed from tin with ferric chloride and hydrochloric acid 
in the presence of hydrogen sulphide. In non-amino dyestuffs this 
reaction also affords a method of distinguishing between monazo and 
diazo dyestuffs, and is it also possible to decide whether a sulphonic 
add group is in the side or middle ring, since in the former case a 
tbiadne is formed, which in the presence of potassium hydroxide can 
be extracted with ether, whereas a sulphonated thiazine remains in 
the aqueous solution. 
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In examining small quantities of a dyestuff it may be convenient to 
examine the reduced solution microchemically for the various possible 
aminobenzenes and aminonaphthalenes (see Behrens, Mikrochemische 
Analyse organischer Verbindungenj Heft 3). 

For the separation of mixed dyestuffs, Rota has suggested an ex- 
traction with ether. For instance, it is possible to separate basic from 
acid dyestuffs by adding a 20% solution of potassium hydroxide to the 
aqueous solution of the colouring matter and shaking with three times 
the volume of ether; the free bases will dissolve in the ether and leave 
the acid in the aqueous layer. The latter solution is neutralised with 
acetic acid and subsequently examined. The ethereal solution is 
washed with slightiy alkaline water and then shaken with one-third 
of its volume of a 5% solution of acetic acid; the acid layer on evapora- 
tion leaves the dyestuff as a residue. Some dyestuffs are not extracted 
by the acetic acid, in which case they are obtained by evaporation of 
the ethereal solution. 

The unsuJphonated acid colouring matters may be separated by 
successive extractions mth ether, by means of which they are separated 
into three groups: 

(1) Those extracted by ether in the presence of 1% acetic acid 
solution. 

(2) Those extracted by ether in the presence of hydrochloric or 
sulphuric acid. 

(3) Those insoluble in ether. 

By treating the ethereal solutions with water and dilute ammonia, 
a further separation can often be made (picric acid from Martius* 
yellow). 

When a doubt exists as to the identity of a colouring matter, it is 
often of service to dye animal and vegetable fibres with it, and note its 
behaviour in an acid and alkaline bath, with and without mordants, 
and the colour reactions with these materials. 

Examination of Commercial Colouring Matters. 

In dealing with these substances it must be remembered that it is 
exceedingly difficult to obtain many of them in a chemically pure state. 
The practice of mixing inert matters with coal-tar dyes to bring the 
colours ta a definite standard of strength, and sometimes with the 
additional object of direct adulteration, is very common. In some 
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cases, especially where the dyes are intended for exportation, the 
"standard*' of strength is as low as 2.5% of actual colouring matter, 
and in other cases, if not carried so far, dilution is so generally practised 
that the pure colouring matters are almost unknown commercially 
{Jour. Soc. Dyers t 1888, 4, .70). 

Among the admixtures most largely used are common salt, sulphate 
of sodium, and dextrin. Sulphate of magnesium is also employed, as 
also oxalic acid and certain oxalates, sugar, dextrose, starch, etc. 
J. J. Hummel has described a sample 6f spurious magenta, consisting 
of crystals of potassium hydrogen oxalate, coated over with real magenta 
by steeping them in an alcoholic solution of the dye. Bronze-powder 
is said to have been employed for adulterating certain aniline dyes. 

Water in paste-dyes (alizarins, etc.) may be determined by drying 
a known weight at 100° and observing the value, it must not be as- 
sumed that the weight of the residue represents the true colouring of 
the sample. The dry residue should be macerated with warm water 
in a mortar, and the solution filtered. The insoluble matter is then 
again weighed, or the dissolved matter is determined by evaporating 
an aliquot part of the solution, when a residue may be obtained, 
containing common salt, dextrin, dextrose, glycerin, etc. 

The presence of mineral matters generally may be detected and 
determined by incinerating a known weight of the sample and weighing 
the ash, but it must be remembered that metallic oxides and alkali- 
metal salts are left on the ignition of many pure dyes. This will be 
the case with sulphonated dyes, double zinc salts, the salts of acid 
colouring matters, and many other dyes. 

Common salt is so generally employed for salting out coal-tar 
dyes from their solutions, that its presence in moderate amoimt in non- 
crystalline colouring matters must not be mistaken for an intentional 
addition with a view to adulteration. An addition of silver nitrate 
to the solution must not be relied on for the detection of common 
salt unless the dye is one which does not contain the colouring 
matter in the form of a hydrochloride of the base, or yield an insoluble 
silver salt; but any chloride found in the ash left on igniting the sample 
probably existed as common salt, which usually can be recognised in 
the ash by this test. The eosins leave chlorides, bromides, or iodides 
on ignition; but if the aqueous solution of the colouring matter be 
acidified with dilute sulphuric acid and agitated with ether, the dye 
will pass into the ethereal layer, and after replating the process until 
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extraction is complete, the aqueous layer may at once be tested for 
chlorides by adding silver nitrate. 

The presence of sodium sulphate in the ash does not prove the 
existence of that salt as an adulterant of the original colouring matter, 
since sulphonated dyes usually leave a sulphate or sulphite of alkali- 
metal on ignition. The presence of a sulphate may be detected by the 
addition of barium chloride to the acidified solution of the original 
sample, but the precipitate obtained often consists wholly or. largely 
of the barium salt of the sulphonated dye. On filtering, and treating 
the precipitate with ammonium carbonate, the sulphonate will be 
dissolved with formation of barium carbonate, and on then washing 
the residue and treating it with dilute hydrochloric acid any barium 
sulphate will be left undissolved and can be identified. Sodium sulphate 
is often present in the azo dyes, and may be detected by saturating the 
aqueous solution with chemically pure sodium chloride, when the 
sulphonated colouring matter will be precipitated, and the sulphate 
can be detected by adding barium chloride to the diluted and acidified 
filtrate. Sodium sulphate may frequently be detected, especially if 
present in any considerable amount, by carefully dissolving the dye- 
stuff in strong alcohol, when the sodium sulphate will be left as a white 
residue, which may be dissolved in water and tested with barium 
chloride. 

The presence of magnesium in quantity in the solution or ash of a 
dye almost invariably indicates adulteration with magnesium sulphate. 

Eosin dyes sometimes contain added carbonates of alkali-m etals^ which 
may be detected by the evolution of carbon dioxide on acidifying. 

Dextrin is sometimes recognisable by its odour on dissolving the dye 
in warm water, or on heating it in a test-tube. Where it is desired to 
ascertain the amount, from i to 2 grm. of the colouring matter should 
be washed with strong alcohol, the residue dissolved in the smallest 
possible quantity of water, and the solution filtered into a tared beaker 
containing a weighed glass rod. Alcohol is then gradually, added as 
long as a precipitate is formed, whereby the dextrin is separated in 
flocks, which on stirring become attached to the sides of the beaker. 
The liquid is poured off, and the beaker and glass rod rinsed with 
rectified spirit, dried at 100° or a slightly higher temperature, and 
weighed. 

Sugar is sometimes employed as an adulterant of dyes. Crystallised 
magenta has been thus adulterated. 
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On spreading out such a sample on a piece of white paper placed in 
a strong light, the large fragments may be recognised by their edges 
being less deeply tinted than the genuine crystals of the dye. When 
removed and cautiously washed with strong alcohol, the sugar crys- 
tals become nearly colourless, and may be identified by the odour of 
caramel produced on heating. The amount of sugar when present may 
be ascertained in many cases with approximate accuracy by treating 
a known weight of the sample with absolute alcohol saturated with 
sugar, or wth alcohol mixed with a little ether. A method of estimat- 
ing sugar in magenta and other basic dyes consists in precipitating 
the hot aqueous solution by picric acid. The filtered liquid is treated 
with basic acetate of lead, again filtered, the lead in the filtrate removed 
by sulphuretted hydrogen or sulphurous acid, and the sugar estimated 
polarimetrically, or inverted and determined by Fehling's solution. 

Starch is left insoluble on treating the sample with cold water or 
alcohol, and may be readily recognised in the residue by its micro- 
scopical characters and the blue colouration produced with iodine. 

Arsenic is almost always present as an impurity in aniline dyes. 
It may be detected and estimated as described on page 249. 

Antimony, copper and other poisonous metals are sometimes 
employed for mordanting dyes, and irritation of the skin and other ill 
effects have been attributed to their presence. The subject has been 
discussed at length by J. R. Ashwell and H. Forth (Jour. Soc. Own. 
Ind.i 5, 226, 301). 

Foreign colouring matters may often be recognised by a judicious 
treatment with solvents, or more systematically as described in the 
preceding pages. 

E. Knecht (J.Soc. Dyers and Col., 1903, 169; 1904, 3, 9, in, 292; 
1907, 284) determines dyestuffs of very varying character quantitatively, 
both as such and on the cotton fibre, by reduction to colourless deriva- 
tives with a standardised solution of titanous chloride, TiClj, which 
is converted during the titration into TiCli* The titanous chloride 
solution is kept in an atmosphere of carbon dioxide, and the titrations 
are conducted in a continuous current of that gas. Soluble azo-dye- 
stuffs, basic dyestuffs and eosins are titrated directly in presence 
or excess of sodium bitartrate at the boil, until the solution is colour- 
less. Basic dyestuffs, methylene blue, safranines, etc., are reduced 
in this way to the corresponding leuco-compounds, while the azo 
dyestuffs are completely reduced, with formation of the corresponding 
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amino-compounds. The end-point is not sharp in the case of 
yellow dyestuffs and of nitro-compounds, if carried out as described 
above, and in these cases the compound is boiled with excess of the 
reagent until completely reduced, the liquid cooled, and titrated back 
with a standard solution of a ferric salt, in presence of potassium sul- 
phocyanide until a permanent red colour is obtained. Insoluble 
nitro-compounds are either sulphonated or are dissolved in alcohol 
and the solution poured into excess of the reagent and boiled. The 
titanous chloride solution is standardised by titration with a ferric 
salt of known strength, which may be prepared by adding per- 
manganate solution to a standard solution of ferrous ammon- 
ium sulphate containing free sulphuric acid until the latter is just 
pink. This is added until the titanium solution just gives a red 
colouration in presence of potassium sulphocyanide. A convenient 
titanous chloride solution is prepared by diluting lo c.c. of commercial 
titanous chloride, together with lo cx. of concentrated hydrochloric 
acid, to r litre with water; this must of course be kept in an atmosphere 
of carbon dioxide. As an example of the method the following deter- 
mination of pararosaniline hydrochloride may be cited: i grm. of 
the dyestuff was dissolved in water and made up to 500 cx. 50 c.c. 
of this solution were taken, 25 c.c, of a 20% solution of Rochelle salt 
added, heated to the boil, and titrated with titanous chloride solution 
in a current of carbon dioxide until colourless. 17.3 5 c.c. were required, 
of which I c.c. ~ 0.001622 grm. of iron. As the molecular weight of 
pararosaniline hydrochloride is 323, and this requires for reduction 2 
atoms of hydrogen, equivalent to 1 1 2 parts of iron, the percentage of 
pure dyestuff is: 

1000X17.35 X .0Q1622X 323 

112 ‘ 

Dyestuffs on dyed cotton fabrics are determined by Knecht by first 
boiling the weighed material with dilute hydrochloric acid, adding 
excess of standardised titanous chloride solution to the boiling liquid 
m a current of carbon dioxide, and titrating back the excess after 
cooling by means of standard iron solution, adding thiocyanate as an 
indicator. (See New Reduciion Methods in Volumetric Analysis by 
Knecht and Hibbert, 1910; Longman, Green and Co.) 

Another method of examining certain basic dyes consists in precipitat- 
ing the solution by a standard solution of picric acid. ‘ 
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Night Blue employed for the purpose of ascertaining the value 
of certain colours. Rawson {J.Soc. Dyery andCoLj 1888, 14, 82) 
describes this method as applied t8 Naphthol Yellow. A standard 
solution of Night Blue is prepared by dissolving 10 grm. of the dyestuff 
in 50 c.c. of glacial acetic acid, and diluting to i litre with water. Solu- 
tions of samples of Naphthol Yellow S are prepared containing 1 grm. 
per litre. 10 c.c. of the solution of Night Blue are placed in a small 
dask and the solution of Naphthol Yellow is run in from a burette until 
a portion of the liquid on filtration shows a yellow tint. The value of 
the samples examined will be in inverse proportion to the number of 
c.c. required to precipitate 10 c.c. of Night Blue solution. The latter 
may be standardised by the use of pure crystallised Naphthol Yellow 
S, and the percentage of pure dyestuff in the sample may thus be found. 
I gram, of commercial Night Blue will precipitate about 0.25 grm. of 
pure dry Naphthol Yellow S; it would thus appear that 2 molecules 
of Night Blue combine with or precipitate i molecule of Naphthol 
Yellow S. 

This method is said to be applicable in general to the valuation of 
azo dyes; but care should be observed that in the comparison of two 
dyestuffs they should possess a similar constitution. But samples of 
the same dyestuff can be compared by this process with fair success. 

A simple and useful means of examining colouring matters is by 
making a solution and diluting it with water or alcohol (as the case 
may require) until the depth of colour is identical with that of a solu- 
tion of known concentration made from a standard specimen. The 
operation is conducted in a manner similar to the Nessler test for 
ammonia in water, or the colorimetric determination of carbon 
in steel. 

The following process of estimating adjective and some other colours 
is given by W. P. Dreaper {J,Soc. Ckem. Ind,, 1893, 12, 977). The 
dye (paste or powder) is titrated at 95® wjth a standard solution of 
copper sulphate (30 grm. per litre) in the following way: i grm. of 
paste or 0.25 grm. of powder is transferred to a flask, 10 c.c. of a solution 
containing 100 grm. of sodium acetate and 5. c.c. acetic acid to 1000 
C.C., added and the volume made up to 50 c.c. with water, i grm. of 
barium sulphate is introduced and the copper solution run in with con- 
stant stirring. Toward the end of the titration the solution may 
brought up to the boil for a minute or so. 

In the case of Alizarin S and SSS (powder) which are sodium salts 
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of sulphonic acids of alizarin, no precipitate is formed. In this and 
similar cases barium chloride must be added to the solution before 
titration to form the barium salt. The action then proceeds regularly. 
The bisulphite compounds such as Alizarin Blue S. R. W. (powder) 
are precipitated by copper sulphate. 

Diamine Fast Red F. gave constant results in the presence of BaCla, 
showing that dyes containing one carboxyl and a hydroxyl group in the 
ortho position, and also a sulphonic acid group, may be titrated in this 
way. The following results may be given as examples. 


Dye 

1 CuO pptd, per grm. of dye 

Alizarin bordeaux B 20% 

! .0527 

Gallein paste 

' .0489 

CcEruleln S. powder 

■ 193 ^ 

Alizarin Red Gl2o% 

.0436 


The end-point is obtained by filtering a drop of the solution 
through a small double square of Swedish filter-paper and testing the 
under fold, which is free from any precipitate or lake, with a drop of 
potassium ferrocyanide solution which will produce the usual pink 
colouration in the presence of any excess of copper in the solution. 

It will be often found in practice that £vidence as to the general 
nature of any dye may be of value apart from its actual identification, 
which may be a matter of extreme difficulty in some cases. The 
information as to whether it be a direct dye (that is one which will 
dye on cotton without a mordant), or whether it is a mordanted, 
“developed,’’ or vat dye as instanced by its fastness against milling, 
or boiling in soap or alkaline solution may be the determining factor 
in its commercial use. These points must be remembered and for 
such reasons as these, and others, the almost umversal method of 
assaying aniline dyes, both for purity of tone and amount of 
colouring matter, is to compare the dyeing power of the sample with 
that of a sample of known purity, i to 5 grm. of each specimen is 
dissolved in i,ocx> c.c. of water and dyeing operations which vary 
with the different fibres, or class of dyes, are conducted under 
identical conditions so far as concentration of solution, temperature 
of dyeing, and such factors are concerned. In the case of wool 
equal weights of bleached and scoured wool may be dyed in each 
VOL. V,— 31 
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solution. The condition of dyeing as regards the addition of 
assistants, acids, etc., should follow the general methods of dyeing. 
In the case of adjective dyes where mordants are required the skeins 
or swatches must be previously’ mordanted. In the case of ingrain, vat, 
or sulphide dyes the necessary conditions governing the dyeing action 
must also be complied with. It is very difficult to indicate any general 
method of procedure, but in the case of wool where the dye-baths are 
heated in a common bath by steam or water, the temperature of the 
dye solution may gradually be brought up to 95° and kept there for 
I hour. Cotton may be dyed up to 100®, and silk in the ordinary 
way up to 80°. Raw or gum silk is not dyed above 60®. 

Where cotton, silk, artificial silk, ramie, or other fibres are concerned, 
it may be necessary to test the dye under the special conditions necessary 
for the dyeing of these respective fibres. In the case of a new adjective 
dye it is advisable to test its value on several mordants, even on those 
less commonly used, like nickel or cobalt. For the necessary conditions 
for these extended tests the standard books on dyeing may be consulted. 

Many dyes cannot be completely withdrawn from their solutions, 
and in such cases the method is not so readily applicable. In some 
instances, mixtures of dyes can be detected by dyeing in sequence 
small portions of wool in the same dye bath, when the colour fixed 
will often be notably different in tint, owing to the varying affinity 
of different dyes for the fibre. 

Special methods of applying laboratory dye-tests to certain colouring 
matters are described in the preceding sections. 

III. Physical Examination of Dyed Fibres. 

W. Stein (Dingl polyt. Jour,, 210, 245) gave the following directions 
for testing the fastness of dyes on coloured fibres. They must be re- 
ceived with reservation so far as the newer coal-tar dyes are concerned: 
Red dyes should not colour lime-water or soap solution when dyed 
therewith, and the fabrics themselves should not be altered in colour 
by this treatment. A negative result when thus treated indicates the 
absence of brazil-wood, archil, safflower, sandal-wood, and many 
coal-tar dyes. Violet dyes may be regarded with suspicion if they yield 
any considerable quantity of their colour when boiled with a mixture 
of equal parts of rectified spirit and water*nnd left to stand for fifteen 
minutes; or if, on boiling with dilute hydrochloric acid, they change 



EXAMINATION OF COMMERCIAL COLOURS. 


483 


in colour to brown or brownish-red, and colour the liquid red. Fast 
blue dyes should not give up any colouring matter when boiled with 
alcohol or warmed with a mixture of hydrochloric acid with water and 
alcohol. Green dyes when boiled with alcohol should not colour the 
liquid either blue, green, or yellow; and hot hydrochloric acid should 
not acquire a red or a blue colour from green fabrics. Orange dyes 
should not be dissolved from the fibre by boiling water or warm alcohol. 
Brown dyes may not be considered fast if they colour boiling water 
red, or give a yellow colour to alcohol when left in contact with it. 

If a black fibre, when boiled with dilute hydrochloric acid, colours the 
liquid merely yellow, it may be considered fast, as, for instance, tannin- 
black; and if the colour of a fresh portion is changed to brown when 
boiled with a solution of sodium carbonate, there is probably only 
tannin-black present If the fibre thus treated remains black or turns 
blue, it is probably bottomed with indigo under the tannin-black; 
while if the fabric colours hot dilute hydrochloric add red, and is 
itself turned brown by the treatment, it is dyed with logwood-black, 
and may be considered unstable; but if when boiled with acid the fabric 
becomes blue and colours the liquid red, it is logwood-black bottomed 
with indigo. 

The power of a dyed colour to withstand the action of certain 
tests either chemical or physical is of considerable importance in 
determining the suitability of a dyestuff for a particular purpose. 
The fastness of colours has reference to their permanence against 
the action of lighf washings JuUing^acids^ alkalies, sieving (sulphur), 
bleaching (chlorine), ironing (calendering), rubbing and perspiration. 
The required degree of fastness of any colour will, of course, depend on 
the use to which the dyed material is to be put, some goods requiring 
very fast dyes, W'hereas others do not. In order to determine the fast- 
ness of any dyestuff to the various agencies above enumerated, it 
is necessary to make experimental tests on a piece of fabric dyed 
with the colouring matter in question. 

Light Test. — A sample is exposed to the action of direct light for 
10 days; it is best to arrange the sample in such a way that one half is 
exposed while the other half is shielded. The exposure should be 
made in diffused north sunlight. Comparative tests are made with 
standard dyeings. 

Washing Test. — This is carried out by scouring a small^ sample 
of the dyed material in a bath containing 10 to 15 grm. of neutral 
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soap per litre at a temperature of 49 to 60°. The sample should be 
immersed in the solution for 1 5 minutes, then washed and dried. If 
the colour is abstracted from the fibre in any appreciable degree it 
cannot be considered fast to washing or scouring. 

Ftilling Test. — A sample of the material is twisted together with 
white wool and cotton, and steeped in a soap bath similar to the above, 
only a small amount of soda ash (5 grm. per litre) is added. The 
sample should be squeezed and twisted with the fingers in order to 
simulate the action of fulling. If the colour bleeds into the white, 
the dye is not fast. 

Acid Test. — For woollen materials a sample should be soaked in ■ 
a 10% solution of sulphuric acid at 60°, after which it is washed and 
dried. For cotton fibres acetic acid at 38° should be used. The acid 
test also represents fastness to perspiration. 

Alkali Test. — A sample of the dyed material should be steeped for 
10 min. in a solution containing 10 grm. of soda ash per litre at 50'^ to 
60°, washed and dried. This test is sometimes performed by sprink- 
ling the material with milk of lime, allowing it to dry in and then 
brushing off. Fastness to alkali represents resistance to action of 
street dust, alkaline country air, etc. 

Stoving Test. — A sample of the dyed material is subjected to the 
action of sulphurous acid fumes or solution for several hours. 

Bleach Test. — A sample of the dyed material is steeped for 10 min. 
in a solution of bleaching powder at 0.5® Tw. 

Ironing Test. — A sample of the dyed fabric should be slightly 
moistened, placed between 2 pieces of muslin, and pressed with a 
hot iron. 

Hydrogen Peroxide Test.— Steep a sample of the dyed fabric for i 
hour in a cold solution of hydrogen peroxide (10 vols.). This is said 
to represent the fastness of a dye to out-door atmospheric exposure. 

Water Test. — This is applied exclusively to silk; a sample of the 
dyed material is twisted with white silk and steeped for 12 hours in 
cold distilled water. 

Rubbing Test. — A piece of the dyed fabric should be vigorously 
rubbed on a white surface of paper or cloth. 

The actual loss in colour observed under the action of light is difficult 
to estimate in exact terms. Lovibond uses his tintometer for the 
purpose^ and some of the results obtained are shown in the curves on 
page 440. Gebhardt (J,Soc. Dyers and Col., 1910, 26, 173) proposes 
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to register the general colour change in terms of grey by photographing 
the shades on orthochromatic plates through a filter corresponding 
to the original shade. Under these conditions the true loss in colour 
is said to be registered, only the rays reflected from any unchanged 
particles of the colour registering themselves upon the plate. Whether 
these conditions are those actually required is perhaps open to question. 
Working under standard conditions of exposure to artificial light, and 
with 6~io standard shades of grey for general comparison, the results 
obtained may be indicated by the following examples: 


Dyestuff j Fibre ' Method of dyeing Exposure to light - Degree of fading 

I * i- .... _l 

Dianil Blue ... .Merceiftsed I f 50^ NaCI. ; 100 hrs. 5. 

cotton. I i colour. 

. [ I J hrs. boil. ’ I 

Indigo Wool. ' 2 ‘'fl colour 100 hrs. i. 


Lovibond used a northern light; Gebhardt, an artificial one. 

Moisture plays a very important part in such trials and its effect 
must in some way be allowed for in exact work of the nature indicated. 
The influence of acid, alkalies, and also effect the result, so that the 
actual conditions suggested for dyeing by the makers should be closely 
followed. As a general rule, the rough and ready method of exposing 
to a northern light and estimating the loss of colour by the eye is 
adopted in practical dyeing. 

See also Heermann’s Kolorisiiche md Textil-chemische Unter- 
suchungent Berlin, 1903. 

IV. Chemical Examination of Dyed Fibres. 

The recognition of artificial colouring matters oif fibres is compara- 
tively simple when only one dye is present, especially if no mordant has 
been employed. But when twm or more dyes have been used, either in 
conjunction or succession, as is very frequently the case, the problem 
becomes very complicated, and the difficulty is further increased when 
the natural colouring matters and the mordants generally accompany- 
ing their use have also to be taken into account. 

In many cases, the identification of a dye is greatly facilitated by a 
knowledge of the mordant present. Where the mordant is inorganic, 
its nature is best ascertained by examining the ash left on igniting the 
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fibre. ^ Organic mordants, such as tannin and albumin, are difficult 
to recognise in presence of colouring matters, and must be sought for 
by their special reactions. Fibres dyed with azo dyestuffs usually leave 
but little ash on ignition, as they require no mordant on silk or wool, 
and on cotton are usually fixed by means of tannin. On the other 
hand, alizarin dyes leave an ash containing a notable quantity of 
al umin a or oxides of iron or copper; while the ash of fibres dyed with 
cochineal, brazil-wood, etc., will be found to contain either alumina 
or oxide of tin. Logwood-black and the wool dyestuffs are mordanted 
with chromium and occasionally copper, while iron is a constituent of 
some blacks and violets, as also of prussian-blue, as present in tannin 
blacks on silks. Lead is found in chrome-yellow, %nd is the base of 
vermilionette. Nickel, vanadium and copper are fiow employed for 
mordanting certain dyes, and antimony is also used. 

The behaviour of the principal colouring matters on the fibre has 
been to a great extent described in the special paragraphs relating to 
the different dyes. Detailed and tabulated methods of examining 
dyed fabrics have been published by Fol {J. Chem, Soc.^ 28, 193), 
Stein (Zeils. Anal Chem., 1840, 9, 520), Joffre (Farh. Musi ZeiL, 
1882, 301, 496), and other writers. R. Martinon (/. Soc. D. and Col, 
1887, 3, ’124) has published a scheme for the detection of dyes on 
silk, and G. Dommerque {Monil Scienl, 1889, 33 » ^ 5 ) ^ similar 
method for the recognition of dyes on w’ool. A more general tabu- 
lation of reactions has been published by J, J. Hummel {Dyeing of 
Textile Fabrics) j and this has been supplemented by R. Lepetit (/. 
Soc. D. and Coly 1888, 4, 133). 

Knecht and Rawson, and Lehne, Rusterholz and Millikin have also 
published very comprehensive tables. 

Examination of Red -dyed Fibres. — The red dyes are very 
numerous and oftefi difficult to identify, and hence the following hints 
may possibly be found useful in special cases. 

I. Boiling alcohol removes magenta, Safranine, Corallin, Aunn, 


* Inorganic mordants may be tested for in the following manner; , 

Ckromium : — Ash yellowish-or brownish-green; on fusion with potassium ° , ® 
sodium cartxinate a yellow mass is obtained, which if dissolved in water and acetic 
gives a yellow precipitate with lead acetate, 

/row;— Ash is reddish-brown in colour; dissolved in hydrochloric acid it gives a blue pr 
itate with potassium ferrocyanide. . 

Copper : — Dissolve the asn in hydrochloric acid, add slight excess of ammonia, 
a blue filtrate indicates copper; after acidifying with acetic acid potassium icrrocy 

gives a reddish-brown precipiUte. . 

Aluminium : — Ash is white; dissolved in hydrochloric acid, the addition of am 
gives a white precipitate. , 

Tiw; — Ash IS white; may be reduced to metallic globules by heating on charcoal. 
Titanium, Nickel, etc,, by their ordinary reactions. 
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Spirit, Eosins, Orchil, Sandal- and Bar-wood, but does not greatly 
affect tissues dyed with red and claret azo dyes, Acid Magenta, Mag- 
dala-Red, alizarin and madder-dyes, cochineal, safflower, brazil-wood, 
lac-dye, or kermes, and does not extract soluble eosins if well dyed. 
Purpurin is partially extracted, colouring the alcohol red. Magenta, 
Safranine, and Orchil also colour the alcohol red, and santal-wood 
yellowish-red, but the others form yellowish, brownish, or nearly 
colourless solutions. On evaporating the alcoholic solution to dryness, 
and treating the residue with strong sulphuric acid, magenta yields a 
5eIIow or brown solution, but Safranine produces a fine green colour, 
changing through various tints by gradual addition of water. 

2. Magenta may be distinguished from Orchil-red and Aurin by 
treating the fibre with amylk alcohol This is coloured bluish-red 
by magenta, pink or violet by Orchil, and yellow by Aurin. On shak- 
ing the coloured amylic alcohol with ammonia, it is decolourised if 
the dye be magenta, but the colour will be unchanged if Orchil, and 
turned bluish-red if Aurin be the colouring matter present. 

3. Ether removes CoraUin, Aurin, and eosin more or less perfectly. 
Tissues dyed wth Turkey-red acquire a dull cherry-red colour, and 
the ether leaves a brilliant scarlet residue on evaporation. This, when 
boiled with sodium hydroxide, yields a purplish-blue solution, from 
which adds precipitate orange-coloured flakes of alizarin. 

4. By boiling with ammonia ^ CoraUin, Aurin, and the eosins are 
usually dissolved from the tissue, the liquid being coloured pink or 
red.^ On removing the tissue and agitating the liquid with ether 
and an add, the colouring matters are extracted from the aqueous 
liquid, and may be detected in the ethereal solution by separating it, 
and evaporating to dryness or agitating with ammonia. Safflower 
colours ammonia salmon-tint. On the azo-reds ammonia usually 
has no action, and the same remark appUes to alizarin and magdala 
red. Fibres dyed by magenta and Acid Magenta are decolourised, 
and Safranine gives a pink solution. The vegetable colouring matters 
usually behave as with sodium hydroxide. 

5. On moistening the fibre with a dilute solution of sodium hydroxide 
(5 fo 10%) I the colour due to rosaniline is very gradually destroyed. 


boiled with concen tinted solution of sodium hydroxide (ao“4o%\ ^ 

an orange-red solution, whicii on continued boiling becomes purple, and finally blue, with 
ft strong green fluorescence. Neither the colour nor the fluorescciice is changed by dilution, 
bosin B, when similarly treated, gives a bluish- violet solution, with pale green fluorescence, 
Un dilution, the iiquid b^mes reddish -purple. Eosin BN. when boil^ vinth potassium 
•lyuroxide, givea eventually an olive-green non-fluorescent solution. 
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Saf ranine remains unchanged, but safflower is turned pale yellow, the 
original tint being restored by an acid. Cochineal gives a purple 
solution. Aurin, CoralUn, and eosin behave as with ammonia. From 
fibres dyed with brazil-wood sodium hydroxide extracts much of the 
dye, cotton being almost decolourised, and the solution becoming 
bluish-red. Bar-wood and santal-wood give no colour to the liquid, 
but the fibre becomes purplish. With orchil the fibre becomes bluish- 
purple, and with Magdala-Red a dirty violet. 

6. On treating the tissue with moderately strong hydrochloric acid 
(sp. gr. i.ii), magenta is turned brown or yellow, but the colour is 
restored by washing with water. Hydrochloric acid does not change 
the colour of fibres dyed with Acid Magenta, but the liquid acquires a 
faint bluish-red colour. Safranine is unchanged by dilute acid, but 
with strong acid a blue colour is produced, restored to red by washing 
with water. Turkey-red is unchanged. The azo-reds are usually 
(but not invariably) turned more or less violet, a coloured liquid being 
extracted. Of the azo dyes from benzidine, etc., fibres dyed with 
Congo-Red are turned blue-black by hydrochloric acid, and Delta-pur- 
purin, Benzo-purpurin 2 B, and Congo-Corinth give similar reactions. 
With Rhodamine the fibre is turned a dirty brick-red without the liquid 
being coloured. The original hue is restored by washing. The eosin s 
are turned yellow or brownish-yellow. Tissues dyed with brazil-wood 
are turned bright orange by dilute acid, and those dyed Corallin, Aurin 
and cochineal yellow. Ammoniacal cochineal, however, is unchanged 
by dilute acid. 

7. On boiling the tissue in an aqueous solution of aluminium sul- 
phate the liquid will become reddish with many dyes, and in the case of 
madder-red or purpurin will show a green fluorescence. On adding 
an equal measure of acid sodium sulphite to the red liquid, the solution 
will be bleached if the dye be Magenta, Safranine, Corallin, safflower, 
brazil-wood, or santal-wood, but not bleached if the colour be due to 
Orchil, cochineal, lac-dye, or kermes, 

8. On igniting the fibre, the red coal-tar dyes usually leave very 
HUle ash, as they require no mordant on silk and wool, and on cotton 
are usually fixed by means of tannin. On the other hand, madder-red 
and pink leave an ash containing a notable quantity of alumina, and 
the ash of tissues dyed with cochineal or brazil-wood, or other dye- 
woods, will usually be found to contain either alumina or oxide of tin. 

E. Knecht (J. Soc. D. and C., 1905, 296) tests fibres for Paranitrani- 
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line Red by bolding a very small flame at a distance of about 3/4 in. 
below the fabric for a few seconds. Paranitraniline Red is volatilised 
under these conditions and deposits on a piece of white paper (or calico) 
laid on the cloth. Naphthylamine Red behaves similarly, and so does 
indigo, but in this latter case the deposit is of course blue. It is some- 
times possible to obtain confirmation of the dyes used on textile fibres 
by examining the samples by light from different sources; even if 
chemical tests indicate that two samples of material are dyed with the 
same dye, or dyes, and they give different shades (by comparison) in 
gas light as compared with daylight, it may be assumed that the 
dyes are not the same in both cases, ^ 

Identification of Dyestuffs on Animal Fibres. — A scheme for the 
identification of dyestuffs on animal fibres, more especially on wool, 
has been worked out by A. G. Green, H. Yeoman and J. R. Jones 
{J.Soc. D. and C., 1905, 9, 236) and is given below. It depends in 
the first case on methods for ascertaining the dying properties of the 
dye-stuff, and then its behaviour when reduced by sodium hydrosul- 
phite and reoxidised, either by the air or by sodium persulphate. 

The following is the general behaviour of various chemical groups of 
dyestuffs upon animal fibres towards reduction and subsequent 
oxidation: 


Decolourised by sodium hydro sulphite. 


Colour 

restored 

on 

exposure 
to air. 

Colour not 
restored by 
air, but on 
oxidation 
with 

persulphate. 

Colour not 
restored 
either by 
air or 

persulphate. 

Azines, 

1 

Triphenyl- 

Nitro-, 

Oxazines, 

1 methane 

Nitroso-, 

Thia sines. 

i group. 

and Azo- 

Indigo. 

1 

! 

groups. 


Not 

altered by 
hydrosulphile. 

Not decolour- 
ised, but 
changed 
to brown. 
Original 
colour 
restored by 
' air or 

j persulphate. 

Pyrone, 


Acridine, 


Quinoline, 

Most 

and Thiazole 

dyestuffs 

groups. 

of the 

Some mem- 

j Anthracene 

bcTS of 

group. 

Anthracene 


group. 



Having ascertained both the dyeing group and the chemical relation- 
ship of the colouring matter, and taking the shade also into considera- 
tion, the question when only one dye is present is usually narrow ed 

^ . ‘Great difficulty is often. experienced in practice though shades matching in daylight 
being quite different in artificial light. 
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down to a single representative or to a choice between a very few 
closely related dyestuffs. For distinguishing between these the be- 
haviour with concentrated sulphuric acid or strong hydrochloric acid 
can be frequently employed. In the appended tables the sub-division 
of the groups has been usually omitted as unnecessary but is given in a 
few instances (see Table II) in order to illustrate the general method. 
For additional confirmation it is necessary to compare the sample 
both as to shade and reactions with a dyed pattern of the dyestuff to 
which it is believed to correspond. 

In a scheme of this description some variation will be found in the 
sharpness of the indications with individual dyestuffs. Practice 
and experience is required before certainty can be obtained. 

In the appended tables all groups of dyestuffs were considered, 
although in individual instances many of them would be at once ex- 
cluded on account of the nature of the material or its shade. In such 
cases, therefore, the analytical scheme may be simplified. 

Reagents. 

The following reagents are employed. It is important that they 
should be of the strength indicated: 

Dilute ammonia (i:ioo). i c.c. cone, ammonia. loo c.c. water 
(soft or distilled). 

Aqueous alcoholic ammonia, i c.c. cone, ammonia. 50 c.c. strong 
alcohol or methylated spirit. 50 c.c. water. 

Dilute acetic acid (5 /c)- 5 glacial acetic acid. 95 c.c. water. 

Dilute alcohol (1:1). 50 c.c. strong alcohol or methylated spirit. 

50 c.c. water. 

Dilute hydrochloric acid (i : 10) 10 c.c. cone, hydrochloric acid. 100 
c.c. water. 

Sodium hydroxide (10%). 10 grm. solid sodium hydroxide in 100 

c.c. of solution. 

Hydrosulphite A»— A 10% solution of hydrosulphite NF (Meister) 
or hydraldite (Cassella), i. e., the formaldehyde compound of sodium 
hydrosulphite. This solution, which is slightly alkaline, is employed 
in most cases. In a few other cases, however, in which the reduction 
is more sluggish (e. g., azo-yellows), it has been found necessary to 
employ a slightly add solution. This is termed 

Hydrosulphite B. — ^Prepared by acidifying 200 c.c. of hydrosul- 
phite A with I c.c. of glacial acetic add. 
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persulphate. — A cold saturated solution of potassium persulphate. 
Sodium Acetate (5%). 5 grm* crystallised sodium acetate. 100 
c.c. water. 

Procedure. — The tests are performed in test-tubes with pieces 
of thematerial about 3/4 inch to i inch square, which are covered with 
about I inch to i . 5 inch of the reagent. The tests should be carried 
out exactly as described. In making “stripping tests” the degree of 
stripping is judged by comparing the depth of shade remaining with 
that of the original pattern. The colour of the stripping solution is 
misleading, and can scarcely be relied upon as a guide. It is found 
advantageous in boiling with dilute acetic acid and dilute ammonia 
to repeat the extraction, as a better stripping is thereby obtained, and 
also with acid dyestuffs any staining of the cotton by the first strong 
extract is avoided. In testing with dilute ammonia or sodium acetate, 
the piece is placed in a test-tube with a somewhat smaller piece of 
white mercerised cotton cloth, and boiled for the time prescribed. 
With pale shades the size of the sample should be increased and that 
of the cotton diminished. The dilute ammonia is replaced by aqueous 
alcoholic ammonia in the case of the violet and black dyestuffs (Tables 
III and VII), as in these cases the acid dyestuffs are less easily extracted 
and the cotton is more liable to be stained by them. In making 
reduction tests, the sample is boiled for from 1/4 to i minute with 
the hydrosulphite, then rinsed well under the tap, and allowed to 
lie on white paper for an hour or so. With most dyestuffs which form 
air-oxidisable leuco-compounds, the colour returns immediately or in 
a few minutes, but with others a longer time is required. The reaction 
is accelerated by exposing the pattern to ammonia vapour. If the 
colour does not return the pattern is boiled in a test-tube with water, 
and potassium persulphate is added drop by drop, carefully avoiding 
an excess. If this also fails to cause any return of colour, the dyestuff 
is to be regarded as an azo-compound. The depth of the restored 
colour varies greatly in different cases; while with some dyestuffs the 
colour reappears with nearly its original depth, with others (probably on 
account of the greater solubility of their leuco-compounds) only a light 
shade may return, Safranine and its azo derivatives yield on reoxida- 
tion of the leuco-compound a violet colour. This is due to the conden: 
sation of the leuco-safranine with the formaldehyde present in the 
hydrosulphite NF. 

The reactions given in the annexed analytical tables were mostly 
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ascertained upon wool fibre, but from a number of tests which were 
also conducted for a comparison upon silk, there is no reason to believe 
that the latter fibre will exhibit any variations in behaviour. 

Examination of Yellow or Orange Shades. 

(See Table I.) 

The fibre may be dyed with one of the following colouring matters: 

1. A basic acridine dyestuff, such as Phosphine, Benzoflavine, 
Rhconine, Acridine Yellow, Acridine Orange, Patent Phosphine, etc. 

2. Auramine O and G. 

3. Thioflavine T. 

4. A basic azo dyestuff, e,g., Chryso'idine, Tannin Orange, New 
Phosphine, or Janus Yellow. 

5. Quinoline Yellow, Uranine, Eosin Orange. 

6. Tartrazin, Orange G, 2G, R, etc. 

7. Naphthol Yellow S, Martins Yellow' (nitro group). 

8. Fast Yellow, Indian Yellow, Azoflavine, Curcumein extra, 
Orange II., Metanil Orange. 

9. Metanil Yellow, Orange IV. 

10. Thioflavine S, Chromine, Primuline, Chloramine Yellow, 
Chloro-phenine, Diamine Fast Yellow B or FF, Thiazole Yellow, 
Clayton Yellow, etc. (thiazole group). Also turmeric. 

11. Curcumin S, Direct Yellows, Stilbene Yellows, Naphthamine 
Yellows, Mikado Yellows, Diphenyl Citronin, Mikado Oranges, etc. 
(stilbene group). 

12. Chrysophenin Yellow, Chrysamin, Carbazol Yellow, Cresotin 
Yellow, Diamine Yellows, Benzo Orange, Congo Orange, Diamine 
Orange, Pluto Orange, Dianil Orange, Toluylene Yellow and Orange, 
Pyramine Orange, etc. (azo group). 

13. Fustic, quercitron, or weld (on A 1 or Cr), alizarin Yellow A, 
Galloflavine, etc. 

14. Alizarin Orange. 

15. A mordant azo dyestuff, such as Alizarin Yellow G and R, 
Anthracene Yellow C, Flavazol, Diamond Flavine, Metachrome 
Yellow, Metachrome Orange, Chrome Orange, etc. 
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Examination of Red Shades, 

(See Table II.) 

The fibre may be dyed with one of the following colouring matters: 

1. A basic red or pink of the pyrone group, such as Rhodamines, 
Irisamine, Anisoline, Pyronines, Rhodines, etc. 

2. A basic red of the azine group, such as Saf ranine, Induline Scar- 
let, Rhoduline Red, Rhoduline Pink, etc. 

3. A basic red of the triphenylmethane group, e.g., Magenta, Isoru- 
bine, Fuchsine, Cerise, etc. 

4. A basic azo dyestuff, e.g., Janus Red. 

5. A soluble red wood, such as brazil-wood, Lima wood, peach 
wood, etc. 

6. A phenolic dyestuff of the pyrone group, e.g., Eosin, Phloxin, 
Erythrosin, Saf rosin, Rose Bengal, etc. 

7. An acid dyestuff of the pyrone group, such as Fast Acid Eosin, 
Fast Acid Phloxine, Acid Rhodamine, Acid Rosamine, etc. 

8. An acid azine, e.g., Azocarmine, or Rosindulines. 

9. Acid magenta (triphenylmethane group). 

10. An acid azo scarlet or azo red, such as Xyiidine Scarlet, Palatine 
Scarlet, Fast Reds, Bordeaux, Cloth Reds, Azofuchsine, Lanafuchsine, 
Sorbin Red, Chromotropes (unchromed), etc. 

11. Cochineal Scarlet (tin mordant). 

12. Orchil (cudbear). 

13. A salt dyestuff, such as Diamine Scarlet, Diamine Red, Benzo- 
purpurin, Hessian Purple, Rosophenine, Erica, Gcranines, Anthracene 
Red, Bordeaux extra, etc. 

14. Cochineal crimson (A 1 mordant). 

1 5. Alizarin Reds or Acid Alizarin Reds. 

16. An insoluble red wood, such as camwood or barwmod. 

17. A mordant azo colour. 

Examination of Violet or Purple Shades. 

(See Table III.) 

The fibre may be dyed wdth one of the following: 

I. A basic violet of the azine, oxazine, or thiazine groups, such as 
Neutral Violet, Rhoduline Violet, Rosolane, Iris Violet, Tannin 
Heliotrope, Methylene Violet, etc. 
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2. A basic violet of the triphenylmethane group, such as Methyl 
Violet, Crystal Violet, Benzyl Violet, Regina Purple, etc. 

3. An acid violet of the pyrone group, i.e,. Fast Acid Violets or 
Violamines. 

4. An acid violet of the triphenylmethane group, Acid Violets, 
Formyl Violets, etc. 

5. An alkali violet of the triphenylmethane group, 

6. A red shade soluble blue (triphenylmethane group.) 

7. An acid colour of the azine, oxazine, or thiazine groups, such as 
Induline or Fast Blue R. 

8. An acid azo colour, such as Lanacyl Violet, Victoria Violet, etc. 

9. A salt dyestuff, such as Hessian Violet, Diamine Violet, Oxa- 
mine Violet, Benzo Fast Violet, Columbia Violet, Oxydiamine Violet, 
Chlorantine Violet, etc. 

10. Gallein. 

11. Alizarin on iron or chromium mordant. 

12. Alizarin Bordeaux. 

13. Mordant dyestuffs of the oxazine group, such as Gallocyanine, 
Prime, Celestine Blue, etc. 

14. Chrome Violet (mordant dyestuff of triphenylmethane group). 

15. Mordant azo colours. 

Examination of Blue Shades. 

(See Table IV.) 

The fibre may be dyed by one of the following colouring matters: 

1. Basic dyestuff of the azine, oxazine, or thiazine group, such as 
Methylene Blue, Nile Blue, Capri Blue, Cresyl Blue, Meldola’s Blue, 
etc, 

2. A basic safranine>azo colour, c.g., Indoine or Janus Blue. 

3. A basic dyestuff of the triphenylmethane group, such as Victoria 
Blue, Night Blue, Brilliant Milling Blue B, etc. 

4. Logwood Blue. 

5. Indigo extract or indigo carmine (indigo sulphonic acids). 

6. Thiocarmine (thiazine group). 

7. Prussian blue. 

8. A “wool” blue (triphenylmethane group). 

9. A dyestuff of the “patent blue” class, such as patent blues V A, 
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or N, Cyanol, Cyanine, Ketone Blues, Erioglaucine, etc. (triphenyl- 
methane group), 

10. A soluble or alkali blue (Rosaniline Blue). 

11. An add azo blue, such as Lanacyl Blue, Azo Add Blue, Azo 
Merino Blue, Azo Navy Blue, etc. 

12. Add Alizarin Blues (without mordant), such as Alizarin Saphi- 
rol, Alizarin Irisole, Alizarin Astrole. 

13. A salt dyestuff, such as Diamine, Benzo, Chicago or Dianil 
Blues, Sulphone Cyanines, etc. 

14. Indigo. 

15. An Alizarin Cyanine or Anthracene Blue. 

16. An Alizarin Blue (anthraquinonequinolines). 

17. Brilliant Alizarin Blue (thiazine group). 

18. Gallocyanines, Gallamine Blue, Celestine Blue, Prune, etc. 
(oxazine group). 

ig. Chrome Blue (triphenylmethane group). 

20. A mordant azo dyestuff, such as Cyprus Blue, Peri Wool Blue, 
Anthracene Chrome Blue, Chromotrope Blue, etc. 

Examination of Green Shades. 

(See Table V.) 

Green shades are frequently dyed with mixtures of yellow and blue 
dyestuffs (see Tables I and IV). The following single dyestuffs also 
come into consideration: 

1. A basic safranine-azo colour, such as Janus Green or Diazine 
Green. 

2. A basic azme, thiazine, or oxazine, such as Fast Green M, 
Azine Green, Capri Green, Methylene Green, etc. 

3. A basic triphenylmethane dyestuff, such as Malachite Green, 
Methyl Green, Brilliant or Ethyl Green, Solid Green, Setoglaucine, etc. 

4. An add azine, oxazine, or thiazine, such as Azine Green S. 

5. An acid triphenylmethane dyestuff, such as Acid Green, Light 
Green, Guinea Green, Wool Green, Neptune Green, Naphthalene 
Green, etc. 

6. An acid azo colour, t.g., a mixture of an Azo Blue and an Azo 
Yellow. 

7- A salt dyestuff, such as Diamine Green, Columbia Green, 
Chloramine Green, Benzo Green, etc. 
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8. Coerulein, Alizarin Green S. 

9. Alizarin Cyanine Greens, Alizarin Viridine. 

10. Alizarin Green G or B (oxazine group). 

11. Nitroso mordant dyestuffs, e.g,, Gambine Y, R, and B, Dioxine, 
Dark Green, and Naphthol Green. 

12. Azo mordant dyestuffs, such as Diamond Green and Chrome 
Patent Green. 


Examination of Brown Shades. 

(See Table VI.) 

Brown shades are usually dyed with mixtures of dyestuffs, such as 
reds, oranges, blues, and greens. Even the brown dyestuffs issued by 
the colour manufacturers are to a large extent mixtures. The following 
scheme is applicable to single dyestuffs or to mixtures composed of two 
or more dyestuffs of the same group. If dyestuffs of different groups 
are present {Le., an azo orange with a blue of the triphenylmethane 
series), the respective tables must be consulted. The following single 
dyestuffs come into consideration: 

1. Basic browns, such, as Bismarck Brown or Vesuvine. 

2. Acid azo colours, such as Acid Browm R, Fast Brown O, 
Resorcin Brown, Naphthylamine Browm, etc. 

3. Salt dyestuffs of the azo group, such as Diamine Browns, Benzo 
Browns, Congo Browms, Hessian Browns, Columbia Browns, Tolylene 
Browns, Dianil Browns, Sulphone Browns, etc. 

4. Salt dyestuffs of the stilbene group, c.g., Mikado Browms. 

5. Anthragallol (Anthracene Browm). 

6. Cutch. 

7. Chromogen. 

8. Mordant azo colours, such as Anthracene Acid Browns, Add 
Anthracene Browm, Palatine Chrome Browm, Acid Chrome Brown, 
Diamond Brown, Metachrome Brown, etc. Also Manganese Brown. 

Examination of Blacks and Greys. 

(See Table VII.) 

The fibre may be dyed by one of the following: 

1. A basic black or grey, such as Diazme Black, Janus Black, 
Methylene Grey, etc^ 

2. An acid black, such as Naphthol Black, Naphthylamine 
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Black, Palatine Black, Nerol, Anthracene Black, Azo Acid Black, 
Azo Merino Black, etc. 

3. A salt dyestuff, such as Union Black, Half-wool Black, Col- 
umbia Black, Diamine Blacks, Dianil Blacks, Carbide Blacks, etc. 

4. A mordant azo dyestuff, such as Anthracene Chrome Blacks, 
Palatine Chrome Black, Chromotropes, Chromate Black, Acid Chrome 
Blacks, etc. 

5. A ‘‘vatted” black (indigo and logwood). 

6. Logwood black on chromium mordant. 

7. Logwood black on iron mordant or Bonsor's black. 

8. Naphthazarin, Alizarin Blacks, or Alizarin Blue Black SW 
(naphthoquinone group). 

9. Diamond Blacks, 

10. Alizarin Cyanine Black (anthraquinone group). 

11. Aniline black. 

Mixtures, — If a mixture consists of two or more dyestuffs of the 
same chemical and dyeing group, it will behave as a whole similarly 
to a single dyestuff, though sufficient differences may exist in 
the rate of solution or of attack by the group reagents to render it 
possible to distinguish or even to separate the constituents. Thus a 
green consisting of a mixture of an acid Azo Yellow with an Acid Azo 
Blue will be distinguishable upon careful reduction with hydrosulphite, 
since the Azo Blue will be reduced first, and the shade will therefore 
change from green to yellow before it is decolourised. Neither colour 
will return on oxidation. Further, if such a compound shade be extracted 
fractionally with dilute ammonia, the yellow is generally stripped 
6rst, and may be transferred to another piece of wool for subsequent 
tests. Mixtures of colours belonging to different groups will usually 
exhibit at once their diverse composition. For example, a navy blue 
shade dyed with Patent Blue and an Azo Orange will, upon reduction, 
first change to bright blue, then become colourless, and upon reoxida- 
tion with persulphate the blue alone will return. If a mixture of an 
azine, oxazine, or thiazine dyestuff with a triphenylmethane colour has 
been employed, only the first will return upon exposure of the leuco- 
compound to air, the latter being also restored upon treatment with 
persulphate. Fractional extraction of the fibre with dilute alcohol or 
dilute acetic acid can also be employed in many cases to effect a separa- 
tion or partial separation of the dyestuffs, the extracted colour being 
then transferred to fresh wool or silk and separately tested. 

VoL. V.~32 
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TABLE I. 




TABLE II.— RED COLOURS. 




Boil twice for r minute with 5% acetic acid. 
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TABLE III.— PURPLE AND VIOLET COLOURS.— 
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AsCrole, etc. 


TABLE IV.— BLUE COLOURS.— 
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TABLE V. — GREEN COLOURS, — Continued. 




TABLE VI. 



[n in ash}. 


Boil twice for i minute with s% acetic acid. 
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Recognition of the Constituents Dyes of Compound Shades.— 

The following hints, chiefly by G. Dommerque {Monit. ScienU, 1889, 
33» 25), may be given as an example of the methods which have been 
adopted for identifying the constituents of mixed dyes on wool. 

Garnet shades contain red as the predominating constituent. Bright 
garnets are a mixture of yellow and red. In examining them, moisten 
the fibre with hydrochloric acid. If turned yellow, the yellow constit- 
uent was Manchester Yellow (dinitro-cresol), this being the only 
yellow which is dyed in a neutral bath, and which does not precipitate 
the salts of rosaniline. If on application of hydrochloric add the 
shade becomes slightly bluer, the colour is possibly produced from 
Add-Magenta and Naphthol- Yellow or Chrysoin; while if it turn 
Violet, Add-Magenta and orange IV (or an allied orange or yellow azo- 
dye) are indicated. Some bright garnet shades lose their red colour 
when moistened with ammonia, yellow remaining. The rarely occur- 
ring shades produced with Bordeaux and Amaranth are not altered by 
ammonia, but become dolet-blue or blue when touched with sulphuric 
acid. 

Maroons and compotmd-red shades are examined by moistening 
the fibre with ammonia. If it become green, the fibre was probably 
dyed with a mixture of Acid- Magenta and sulphonated indigo. If 
turned yellow, the same portion of fibre should be slightly washed and 
treated with hydrochloric acid, when if the yellow become violet, Orange 
IV or other azo-orange or yellow is indicated ; while if rendered slightly 
blue, Chrysoin or Naphthol -Yellow is the probable yellow constituent. 
If the yellow colour produced by ammonia remain unchanged on 
subsequent treatment with hydrochloric acid, the presence of Acid 
Green, Acid-Violet, and Acid-Magenta is probable. If Orange IV be 
also present, the fibre becomes reddish-violet with hydrochloric acid. 
If the colour be unaffected, or simply rendered paler by treatment 
with ammonia, the dye may be either a mixture of an azo-red, indigo 
and Orange IV, in which case it becomes slightly violet with hydro- 
chloric acid (if this acid produces no change, Chrysoin is probably 
present) ; or logwood, becoming red with hydrochloric acid. If dyed 
with a mixture of logwood and Orange IV, add changes the colour to 
violet-red or garnet. 

5carfe/5.— Cochineal-scarlets are turned violet by alkali hydroxides, 
and the ash contains tin; alkalies turn some artificial scarlets yellow. 

Dark Blues and Complete decolourisation on moistening 
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the fibre with ammonia points to a probable mixture of Acid-Green, 
Add-Violet, and Add-Magenta. If the red be removed from the fibre 
and the blue left, the latter is probably indigo and the former Acid- 
Magenta. If the shade become slightly pale the dye is probably a 
mixture of indigo and an azo-red, in which case tfie shade will not be 
appredably changed on further testing the fibre with hydrochloric 
and sulphuric add. Logwood will colour the acid red, and the ash 
will contain chromium. In shades produced by mixtures of logwood, 
Bulphonated indigo, and Add-Magenta or an azo-red, the constituents 
are difficult to identify. 

Dark Greens . — If only the yellow remain on moistening the tissue 
with ammonia, a mixture of Add-Green and Acid-Violet with Naphthol- 
Yellow may be suspected. Should the shade if changed become 
paler, the fibre is moistened with hydrochloric add, when log- 
wood will colour the acid red. If the fibre becomes red or violet-red 
and the ash contains chromium, the yellow constituent is probably 
fustic. If, on treatment with the add, the yellow disappears and the 
blue remains, a mixture of indigo with Naphthol- Yellow may be 
present. 

Olvves^ when moistened with ammonia, turn yellow if dyed with 
a mixture containing Acid-Green and Add-Violet, and on treating the 
fibre with hydrochloric add it w^ill become garnet if the yellow constit- 
uen the Orange IV, and yellow-brown if it be Chrysoln. Olives con- 
taining indigo become slightly bluer with ammonia. 

Mode colours are liable to contain a great variety of dyes, perhaps 
the most common being Orchil-substitutes (azo-reds), azo-oranges, 
and Add-Magenta. 

Tables of Reactions of Dyed Fibres. 

The following tables, originally given by B. Martinon {Soc. Dyers, 
3, 124.) for the recognition of dyes on silk, involve the use of certain 
reagents, such as a solution of bleaching powder and nitrous add, 
which are not in such general use. The reagents employed are: 

Soditun Hydroxide Solution. — i part in 10 of water. 

Hydrochloric Acid.-Add of 1.16 sp. gr. diluted with an equal 
volume of water. 

Calcium Hypochlorite.— 40 grm. of bleaching powder dissolved m 
1 litre of water and the liquid filtered. 
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Nitrous Acid.— 20 grm. of sodium nitrite and 15 grm, of sulphuric 
add (sp. gr. 1.845) sue respectively dissolved in i litre of water. 
Equal volumes of these solutions are mixed when required. 

Potassium Cyanide,— 50 grm. in i litre of water. 

Nitric Acid.— Add of 1.32 sp. gr. diluted with an equal volume of 
water. 

Sodium Carbonate. — i part of the salt in 10 parts of water. 

From 10 to 15 c.c. of the required reagent should be placed in a 
porcelain dish, the silk to be tested immersed in it, and the change 
of colour observed. After 2 or 3 minutes, the silk is taken out and 
well washed. Another portion of the silk should be simultaneously 
placed in clear water, in order that any change in colour by the action 
the reagent may be better observed. To ensure absolute certainty, 
it is also advisable to dye a piece of clean silk with the detected dye, and 
to repeat the experiments on this from the beginning. 

G. Dommerque has published (J.Soc. Chem. Ind., 8, 216) a system- 
atic method of recognising dyes on wool. In some cases different 
observers have given different reactions for the same dyestuff; and, 
on the whole, the reactions for dyes on the fibres are still in rather 
an unsatisfactory and uncertain condition, leavingmuch to be desired 
in this direction. The results obtained should always be checked by 
comparison with the suspected dye or dyes. 

The tables of Hummel, Lehne and others, already referred to, 
together constitute the most complete description of the reactions of 
dyes on fibres yet compiled, and as the present section would be im- 
perfect if these reactions were omitted, they are given in a compilation 
with a few modifications from the above references in the following 
pages. 
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IDENTIFICATION OF DYESTUFFS OR VEGETABLE FIBRES. 

A scheme for this purpose by A. G, Green and his pupils, is re- 
produced for the greater part below. 

Owing to the continuous production of new dyestuffs these are not, 
howeverj complete. For the identification of sulphide dyestuffs the 
test with stannous chloride is used, but it must be applied with due re* 
gard to the general properties of the dyes, as other substances, includ- 
ing many salt dyestuffs (sodium salts of sulphonic acids) are said to 
yield hydrogen sulphide under the same, conditions. 

Reagents. 

Weak Ammonia. — i c.c. ammonia (.880) to 100 c.c. of distilled 
water. 

* Dilute Sodium Hydroxide, — lo grm. sodium hydroxide in 100 c.c. 
water. 

Saline Sodium Hydroiide.—io c.c. sodium hydroxide solution 
(35 to 40% NaOH) to 100 c.c. saturated solution of common salt. 

Formic Acid 90%. — Ordinary commercial strength. ^ 

Weak Formic Acid.—i c.c. formic acid 90% to 100 c.c. distilled 
water. 

Dilute Hydrochloric Acid. — 5 c.c. hydrochloric acid (3095:) to 
100 c.c. of water. 

Soap Solution. — 10 grm. soap in 300 c.c. of water. 

Tannin Solution. — 10 grm. tannin and 10 grm. sodium acetate in 
100 c.c. of water. 

Bleaching Powder Solution.— Fresh solution at 50° Tw. 

Hydxosulphite A (same as for wool). — 10% solution of hydrosui- 
phite NF or of hydralite, or a 5% solution of hydrosulphite Nf cone., 
or of rongalite (formaldehyde compounds of hydrosulphurous or of 
sulphoxylic acids). 

Hydrosulphite B (same as for wool). — The preceding slightly 
acidified by addition of i c.c. glacial acetic acid to 200 c.c. of solution. 

Hydrosulphite X. — Dissolve 50 grm. of rongalite or hydrosulphite 
NF cone, in 125 c.c. of hot water. Grind i grm. of anthraquinone 
(precipitated not sublimed) to a fine powder, and reduce to a smooth 
paste with a little of the rongalite^olution. Add this paste to the re- 
maining solution hot, and heat the whole for i or 2 minutes at about 
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90®. .Tfaen dilute with cold water to 500 c.c. and after standing till 
cold add i . 5 c.c. of glacial acetic acid. Keep in a well stoppered bottle 
with greased stopper. The reagent should be tested occasionally by 
trying^ts effect on cotton dyed with a-Naphthylamine Bordeaux, which 
should be fully discharged after boilmg for i or 2 minutes. The 
anthraquinone may be replaced by /?-hydroxyanthraqumone, which 
can be employed in the same way or previously dissolved in a little 
alcohol before it is added to the hydrosulphite. It has the advantage 
of giving a clearer solution, but is not so generally available. The 
presence of the anthraquinone greatly increases the reducing power 
of this solution. 

Persulphate Solution.— A cold saturated solution of potassium 
persulphate, or a 2 % solution of ammonium persulphate. 

Acid Stannous Chloride. — 100 grm. stannous chloride to 100 c.c. 
hydrochloric add (30%) and 50 c.c. water. In testing for sulphide 
colours this reagent may be replaced if desired by a strong solution of 
titanous chloride. 

Procedure. 

General.— All the tests are performed in test-tubes, usually 
with pieces of material about 0.5 in. to 0.75 1^* square which are 
covered with from 1.5 to *2 in. of the reagent. The degree of strip- 
ping is judged by comparing the depth of shade remaining against 
that of the original pattern. The colour of the stripping solution is 
misleading, and can scarcely be relied upon as a guide. In testing the 
colours of calico prints the particular shades should be cut out and the 
reactions tried upon thenr separately. With cotton and wool or cotton 
and silk unions the weft is separated from the cotton warp and both 
submitted to examination. Doubt may exist as to how a particular 
shade should be classified, whether, for instance, a reddish-blue is to 
be regarded as a blue of a violet. In such cases the tables referring to 
both shades should be employed. The same remark applies to possible 
mixtures; thus in examining a certain green shade, both the yeUow and 
the blue tables may require to be used. To distinguish between indi- 
vidual dyestuffs of the same group, the reactions toward concentmted 
sulphuric acid, sodium hydroxide, etc., may be employed, as published 
in the tables given in this book on pages 540 lo 621, and those of Lange, 
Gnehm, Herrmann, and others. For additional confirmation it is well 
to compare the sample both as to shade and* reactions with a dyed 
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pattern of the colouring matter or colouring matters to which it is 
believed to correspond. 

In many instances the analytical procedure may be greatly simpli- 
fied by exclusion of dyestuffs, the presence of which is rendered improb- 
able or impossible by the special circumstances of the case, e.g., by 
the fibre, shade, or mode of application of the colour. 

Stripping Test for Acid Colours.— A few salt dyestuffs are partially 
stripped by weak ammonia, and may thus give rise to the impression 
that they are acid colours. To avoid this error it is advisable to add 
a small piece of white cotton when carrying out the test. If the dye- 
stuff is an acid one, the cotton is either not tinted or becomes white on 
boiling a second time with weak ammonia. 

Transference of Basic Colours to Wool. — ^The tannin mordant 
is first removed, as in testing for a basic colour, by boiling the pattern 
for half a minute with saline sodium hydroxide. It is then well 
washed to remove all alkali, and is boiled with a piece of white wool 
(half the size of the cotton or less) in a little plain water for i or 2 
minutes. In most cases the dye base leaves the cotton almost entirely, 
and dyes the wool a full shade. If the colour does not develop on the 
w’ool I or 2 drops of weak formic acid (i : 100) may be added. In the 
case of a few dyestuffs which are more difficult to strip {e. g., basic 
greys), it is necessary to extract the colour with dilute hydrochloric 
acid (i : 20), carefully neutralising the extract with ammonia before 
adding the wool. 

Transference of Acid Colours to Wool.— The cotton is boiled 
with a small piece of w^ool and weak formic acid (i : 100). 

Tannin Test for Basic Colours.— Add a few drops of tannin 
solution to the formic acid extract. Shake well, and if the precipitate 
does not form at once allow to stand a few minutes. Some colouring 
matters, such as the rhodamines, gallocyanines, and chrome colours 
of the rosaniline series (which contain carboxyl or hydroxyl groups 
in addition to basic groups) only precipitate slowly, whOe the precipi- 
tate, being more finely divided, is sometimes difficult to see. 

Bleeding Test for Salt Dyestuffs.— In testing for salt dyestuffs 
by the bleeding test, the sample is placed in a test-tube together with a 
smaller piece of white mercerised cotton cloth and boiled with 1% soap 
solution for about a minute. The soap solution may also be replaced 
by a 5% solution of sodium carbonate. 

Lead Acetate Test for Sulphide Colours.— The sample is just 
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covered with acid stannous chloride solution. The mouth of the test- 
tube is dosed by a cap of filter-paper closely wrapped round it, into the 
centre of which is placed, by means of a glass rod, one drop of lead 
acetate solution. The contents of the test-tube are slowly heated to the 
boiling-point when a blackish-brown stain of lead sulphide appears if a 
sulphide colour is present. The brown spot will again disappear 
on boiling the solution longer, owing to the decomposition of the lead 
sulphide by the hydrochloric acid evolved. In order to avoid the 
possibility of error through extraneous sulphur present on the cotton, 
the pattern may be previously boiled with io% sodium hydroxide. 
It must, however, be borne in mind that the indications of the sulphide 
dyestuffs are rendered less sharp by this latter treatment. It is im- 
portant to pay special attention to the cleanliness of the test-tubes 
employed for this test, as it is found that tubes which have been pre- 
\iously used for hydrosulphite reductions acquire a thin invisible 
deposit of sulphur upon their walls, which on boiling with stannous 
chloride gives rise to hydrogen sulphide and thus may lead to error. 

Reduction and Reozidation Tests. — The reduction with hydro- 
sulphite X is carried out by boiling the sample with the reagent for 
from 0.5 to 2 minutes. The azines, thiazines, oxazines, etc., and 
most of the azo dyestuffs are fully reduced in about half a minute, but 
the insoluble azo colours and some salt dyestuffs require from i to 2 
minutes to complete their reduction. In testing the reoxidisability 
by air, the reduced sample should be exposed to the fumes from an 
ammonia bottle, which in many cases accelerate oxidation. 
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■tlUant yellow is large I y stripped by weak ammonia, but if white cotton is present it will be stained, 

ilpbide yellows of the tniazol class, such as K at iRcnc yellow 2G. pyrogene yellow, etc., stain white cotton slightly when boiled in soap, 
iamond fiavinc, if not fully &xed, may Stain cotton from a soap solution. 
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TABLE II.— RED COLOURS. 
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Janus Claret Red does not transfer to wool very easily. 
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Boil with weak ammonia (i : loo). 
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TABLE rV.— BLUE COLOURS.--C^m/tn«cd. 




TABLE V.— GREEN COLOURS. 
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Greens of the nitroso group (Gambins, etc.) may become black on reduction if the hydrosulphite X is insufficiently acid (formation of FeS). 



Boil with weak anjmonia (j : loo). 





^Iron buJi and Icbaki may become black on reduction if the hydroaulphite X is "insufficiently acid (formation of FeS). 




TABLE VL— BROWN COLOURS.— Ctw/muerf. 




TABLE VIX.—BLACK AND GREY COLOURS. 
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l}l;\ck (By) Becomes light brown on redaction with hydrosulphite X, and persulphates change the colour to dark brown but not to black. 



Boil with weak ammonia (i : loo). 
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Vat. Dyes.~On account of their increasing importance the reac- 
tions of these dyes are given here in detail in the following tables* 

The so-called Helindone or derived indigo colours give extremely 
fast shades. When their presence is suspected the following tests 
(Buckley, J. Soc. D, and CoLj 1910, 26, 58) will help to identify them. 
On account of their high price they will be chiefly found on fancy 
materials w'hich have to stand bleaching and severe washing: 


TABLE SHOWING THE ACTION OF TITANOUS CHLORIDE AND 
CHLOROFORM ON THESE COLOURS. 


Colour 

TiCh 1:5. j Chloroform 

lodigo MLB/4B 

Indigo ML B/ 5 B 

Indigo MLB/6B 

Helindone Orange R 

Helindone Yellow 5GN 

Helindone Brown G 

j Fibre olive-green 

Fibre olive-green 

; Fibre green 

^ Colour stripped to a thin 

1 dull orange. 

1 Colour becomes much Ught- 

i 

Intense blue solution. 

Intense blue solution. 

Intense blue solution. 

Slightly sol,, salmon pink 
: solution. 

1 Insoluble. 

Very slightly soluble, solu- 
tion has yellow tinge. 

Red-violet solution. 

Very soluble, solution rerf 
and somewhat fluorescent. 

Very soluble, solution orange 
coloured, 

Very soluble, solution red. 

Helindone Red 3B 

1 Fibre dull blue- violet 

Helindone Red B ' 

! Fibre dull red-violet 

Helindone Scarlet 8 

Olive green 

Helindone Fast Scarlet R. , . . 

Reddish-brown . . 



The vat dyes are all members of 3 classes. 

(a) The anthracene class. These require in their application a 
strongly alkaline bath and are, therefore, confined to cotton 'dyeing; 
(b) the indigoid class which are applicable for both wool and 
cotton and (c) the recently introduced indocarbon-group which have 
not yet been examined. These, like indigo itself, can be sublimed from 
the fibre forming coloured vapours. Green and Frank (/. S. D. and 
C.f 1910, 26» 83) propose the following scheme for the general identi- 
fication of these dyes of the (a) and (b) classes. 

I. Boil the fibre for about a minute with “hydrosulphite X.” 
The indigoid dyestuffs are reduced to colourless or pale yellow leuco 
compounds from which the original colours are slowly regenerated 
upon exposure to air. In the case of certain red members of the indi- 
goid class this reoxidation takes place in two stages, giving rise in the 
first instance to a different colour and finally to the original colour. 
This peculiarity is exhibited by Ciba Scarlet G, Algol Scarlet G, 
Helindone Scarlet S, and ,Ciba Bordeaux B. The anthracene deriva- 
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tives give deeply coloured reduction products which rapidly reoxidise 
to the original colour. These reduction products by reason of their 
characteristic shades may frequently serve as ameans of individual 
identification. The reagent, termed “hydrosulphite X” is prepared 
in the manner described on page 516. 

2. Heat a portion of the material in a dry test-tube and observe 
whether coloured vapours are produced, by looking down the length 
of the tube against a white background. The test requires some 
practice, as with light shades the indications are not always very dis- 
tinct. The production of a coloured vapour indicates the presence 
of an indigoid dyestuff. However, two dyestuffs of this class, Ciba 
Green and Helindone Brown, although subliming in the solid state, 
fail to do so on the fibre. 


I.— YELLOW AND ORANGE COLOURS. 



Commercial name 

On reduction 
with hydrosui- 
phite X the 6bre 
becomes 

The fibre heated 
in dry test-tube 
gives 

With cone, sul- 
phuric acid fibre 
becomes 

Indigoids 

HelindoM Y ellow 
5 O. 

Light Greenish- 
yellow. 

Yellow vapours. 

Scarlet, with 
orange solution. 


Helindone Orange 
R. 

Colourless j Orange vai)ouis. . 

B iuish-violet, 
with violet solu- 
tion. 

Anthracenes . . 

1 

Indanthrene Yel- 
low G and R. 

Blue 1 

No vapours 

Orange. 

Indanthrene 

1 Orange RT. 

Browner 1 No vapours. . .... 

Orange- red. 

Indanthrene Gol- 
den Orange. 

Unaltered | No vapours 

Blue, with blue 
solution. 

Indanthrene Cop- 
per. 

Orange 

j No vapours 

Orange. 

Anthraflavone G . 

Orange 

1 No vapours 

Maroon. 

Algole Yellow jG. 

Browner. 

No vapours 

More intense yel- 
low with yellow 
solution. 

Algol* Yellow R. 

Browner 

i No vapours 

Light brown. 

Algole Orange R. 

Browner 

No vapours 

First brown, then 
green. 

Cibanone Yellow 
R. 

Orange-brown. . . 

No vapours 

Maroon. 

Cibanone-Orange 

R 

Brown 

No vapours. . . . . 

, Bordeaux. 
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Commercial name 

On reduction 
with hydrosul- 
phite X the fibre 
becomes 

1 The fibre heated 
j in dry test-tube 
gives 

With conc. sul- 
phuric acid fibre 
becomes 

Indigoids 

! 

Thioindigo Red B. 

Light yellow, re- : 
turning to red 
on exposure. 

Red vapours. . . . 

Purple, quickly 
► changing to 
green with green 
solution. 

Thioindigo Scar- 
let. 

do. 

Red vapours 

Dark red-brown . 

Vat Red B.A.S. 
P./B. 

do. 

Red vapours 

Green, with green 
solution. 

Hclindone, Red 

B. 1 

do. 

Red vapours. . . 

Dark green, with 
green solution. 

Helmdone Red 
iB 

do. 

Red vapours .... 

Dark green, 
with pale green 
solution. 

Helindone Scarlet 
S. 

i Light yellow, re- 
1 turning to 
brown and then 

1 to scarlet. 

Orange red va- 
poura. 

Bright blue, with 
blue solution. 

Helindone Fast 
Scarlet R. 

Light yellow, re- 
turning to scar- 
let on exposure. 

Red vapours.... 

Dark blue, with 
bluis h - V i 0 1 e t 
solution. 

CibaRedG 

; Light yellow, re- 
1 turning to red 
[ on exposure. 

Red vapours. . . . 

Dark reddish- 
brown. 

Ciba ScaHet G . . . 

Light yellow, re- 
turning to ma- 
roon and then 
to scarlet. 

Yellow vapours, 
giving red sub- 
Umate. 

Bright green, 
with green solu- 
tion. 

Ciba Bordeaux B. 

Light greenish- 
yellow, return- 
ing to green, 
bluish - green, 
and then bor- 
deaux. 

Violet-red va- 
pours. 

Reddish-v i 0 1 e t, 
with green solu- 
tion. 

Algole Red 5G . . . 

1 Light orange, re- 
1 turning to red. 

Red vapours. . . . 

A deeper red. 

j Algole Scarlet G. 

i 

1 

Light yellow, re- 
turning to or- 
ange and then 
scarlet. 

Yellow vapours, 
giving rea sub- 
fimate. 

Browner. 

Algole Pink R . , , 

Light yellow, re- 
turning to pink. 

1 Red vapours — 

Deeper red. 

Anthracenes . . | 

Indanthrene Red . 

i Maroon 

No vapours 

Violet. 


; Indanthrene 

1 Claret. 

Brown 

’ No vapours 

Blue. 

Algole Red B 

i Maroon 

1 

No vapours 

Maroon. 
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III.— PURPLE AND VIOLET COLOURS. 


Indigoids 

Ciba Violet B and 
R. 

Colourless 

Violet vapours . . | 

Greenish- blue. 

Ciba Heliotrope. 

Colourless 

Violet vapours. . . 

Bluish-violet. 

Algole Bordeaux. 

Light orange 
! brown. 

Reddish vapours . 

: Blue. 

[ 

Anthracenes . . 

Indanthrene Vio- 
let R extra. 

Maroon 

No vapours 

j Green. 

Indanthrene Vio- 
let RT. 

Maroon 

No vapours 

Redder to 
maroon. 


IV.— BLUE COLOURS. 



Commercial name 

On reduction with! 
hydrosulpbite X j 
the fibre becomes j 

The fibre heated 1 With cone, sul- 
in dry test-tube j phuric acid fibre 
gives 1 becomes 

Indigoids 

Indigo. 

Pale yellow } 

Violet vapours. . . j Olive green. 


Indigo MLB/aB, 
4 B, sB, and 6 B. 

Pale yellow — 

Violet vapours . . 

Slightly greener. 

Indigo MLB/T . . 

Pale yellow 

Violet vapours. . , 

Greener. 

Ciba Blue aB. , . , 

Pale yellow 

Violet vapours. . . 

Greener, 

Bromindigo PB . 

Pale yellow — . . j 

Violet vapours . , \ 

Greener, 

Anthracenes . . 

Indanthrene Blue 
GC. 

Darker and rather 
jgreener. 

; No vapours 

Olive, 

IndanthreneBlue 

GCD. 

Darker blue 

No vapours | 

Olive. 

Indanthrene Blue 
RC. 

Maroon 

J No vapours 

Green. 

Indanthrene Dark 
Blue BO. 

Reddish-brown' . . 

j No vapours 

Darker and 
greener. 

Algole Blue CF. . 

Unchanged 

j No vapours 

Light olive- 
brown. 

Algole Blue K . . 

Darker, greenish- 

grey. 

! No vapours 

Olive-brown. 

Algole Blue jG ■ . 

Darker and 
j greener. 

No vapours 

Olive-green. 
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V.— GREEN COLOURS. 



Ciba Green G . . . , 


No vapours .... 

Blue, with blue 
solution. 



Anthracenes . . 

Indanthrene 
Green B. 1 

Maroon 

No vapours 

Purple 


Indanthrene 

Olive. 

Dark green 

1 1 

1 No vapours 

1 . 1 

Dark brown. 


AlgoleGreen B , . 

Unchanged 

! No vapours .... 

Slightly greener. 


Leucole Dark 
Green B. 

Maroon 

No vapours 

Olive brown. 


VI.— BROWN COLOURS. 


Indigoid 

: Helindone Brown 
G. 

Yellow 

No vapours 

j Bright bordeaux. 

1 

Anthracenes . . 

Indanthrene 
! Maroon. 

Browner 

■ No vapours .... 

Light brown. 


Indanthrene 
Brown B. 

Nearly black, or | 
very dark ma- 
roon. ' 

j No vapours 

1 

Rather darker. 


Algole Brown B. . 

do, ! 

I No vapours ! 

1 Darker. 


Leucole Brown B. 

Maroon 

No vapours 

Unchanged. 


Cibanone Brown 1 Unchanged 

B. I i 

, No vapours j 

1 

Bluer. 


Cibanone Brown | 

1 

Unchanged ] 

No vapours ! 

j 

Light brown. 

i 


VU.-GREY COLOURS. 


Indigoids I 

Ciba Grey G. . . 

! Colourless 

Violet to bluish- 
grey vapours. 

Greener, then 
orange -red. 


Ciba Grey B 

. Colourless 

Violet to bluish- 
1 grey vapours. 

Bluer, then or- 
ange-red. 

Anthracene . . . 

Indanthrene 

Grey. 

j Rather redder 

j grey- 

No vapours 

Brown. 


Examination of Lakes. — No tables are available for the examina- 
tion of lakes except those of Yerr. {Coal Tar Colours in Aniline 
Lakes, tr. by C. Mayer, London, 1910). These depend upon cer- 
tain tests which include solubility in water, alcohol or acetic acid, 
reactions with sulphuric acid, sodium hydroxide, rate of colour change 
with add stannous chloride, etc. Of late years many insoluble azo 
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dyes have been introduced as lakes and may be examined by the 
recognised methods for these dyes with more or less success. The 
inorganic constituents may be investigated by an examination of the 
ash after incineration. A treatment with strong acids or alkalies 
followed tfy the usual examination for dyes might sometimes lead to 
the detection of the actual dyes present. The composition of these 
lakes is in most cases not declared by the manufacturers. The aliza- 
rin lakes are of special value on account of their fastness to light. 
Those produced from basic colours on a tannic acid base if properly 
prepared are satisfactory in this respect in most cases. 

In the case where these lakes are used as pigments an actual trial 
against a sample of known purity and colour is generally adopted in 
practice, the “covering power,” fastness and such like properties being 
carefully noted. 


General Reactions of Dyed Fabrics. 

• In the following tables of individual reactions which are abstracted 
from several sources, the individual reactions of many important dyes 
are given but, although this method of testing is generally advocated, it 
is not recommended to the analyst until the other methods already 
indicated are exhausted. 

Various abbreviations are employed with the object of saving 
space, but they will probably be readily intelligible without special 
description. 

The reagents applied are concentrated hydrochloric acid (sp. gr, 
i.ii), concentrated sulphuric acid, sodium hydroxide (io% solu- 
tion), strong ammoma, a hydrochloric acid solution of stannous chloride, 
alcohol, and certain special- reagents. The experiments are b^t 
made by treating portions of the fibre or fabric in small porcelain 
dishes,' which can after\vard be inclined so as to allow the liquid 
to drain to the side and permit the ready observation of any colour 
it may have acquired. In some cases, as when fluorescence it to be 
looked for, it is desirable to employ test-tubes instead of porcelain 
capsules. When nitric acid is employed, it should be applied to the 
fabric with a glass rod, when any change in the colour of the spot 
touched will be readily' seen. 
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I. RED COLOURS. 


DyesttifE 

Hydrochloric acid 

Sulphuric acid' 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Magenta 

Yellow. 

Yellow. 

Brown- 

yellow. 

Yellow. 

”« 

Paler, 


Acid Magenta 

Paler. 

Pink. 

Paler. 

Pink. 

Decol. 


Saf ranine 

Blue, 

Yellow. 

Green. 

Green, 


Pink. 

Magdala Red 

No j 

change. { 

No 

change. ' 


No 

chang(e. 


Eosin A 

Yellow. [ j Yellow. 

Yellow. 

YeUow. 

Pink fluor- 
escence. 

Methyl Eosin 

Yellow. : ’ Yellow, 

Yeliow. 

Pink. 

Pink fluor. 



Yellow. 


Pink. 

Pink. 




Erythrosin 

Orange, 

i 

Orange. 

Pink. 

Pink. 

Rhodamine 

Red. 

Colourless. 

Red. 

Colourless. 

Bluer. 

Colourless. 


Yellow, 

Yellow. 

Yellow. 



Red. 






Ctpcein Scarlet 7 B. . . 

Violet. 

Colourless. 

Blue. 

Blue. 

Blue. 


Biebrich Scarlet. 

Violet, 

Colourless. 

Green. 

Green. 

Violet. 

Colourless. 

Patent Fast Red 

Darker. 

Red. 

Violet. 

Colourless. 

Paler. 

Red. 

Fast Ponceau B 

Violet. 

Colourless. 

Green. 

Green. 

Violet, 

Colourless. 

Scarlet 2 R 

Decol, 

hot. 

ExtrjK:ted 

hot. 

No action, 
dilute. 

: Extracted 
cone. 

Decol. 


Scarlet 3 R | 

No 

change. 

Red. 

No action. 

1 

Decol, 

Red. 

Claret Red B No Violet, 

• change, i 

Blue. 

Blue, 

Orange. 

Orange. 

Carrooisin 

Violet. 

Lilac. 




Pink. 

Primuline Red 

Brown. 

Brown. 

Black. 

Violet. 

Brown- 

red. 


Polychrominc 

^wn. 

Brown. 

Black. 

Violet. 

Brown- 

red. 


Oiseillin BB 

Black. 

Blue. 

Btue- 

bUck. 

Blue. 

riotet. 

1 Violet. 

1 ^ 

Confo'Red 

Black. 

Colourless. 

Black. 

Blue. 

No 

change. 


Benzopuniritv B 

Brown. 

Colourl^. 

: 'Black. 

Blue. 

No 

change 


Benzopurpurin 10 B. . 

Black. 

Colourless. 

Black. 

Blue. 

No 

change. 

- 
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RED COLOURS. — Continued. 


Ammonia 

Fibre Solution 

1 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Decolourised. , 


Yellow. 

Decolourised, 

Decolourised by sodium 
sulphide. 

Decolour. 


Yellow. 

Little change. 



Pink. 1 

Blue. 

Decolourised. 


No change. 


■■■'i 

Bluer. 


Yellow. 

Yellow fluor. 

Yellow. 

YeUow. 


Pink, 

Pink fluor. 

Yellow. 

Decolourised, 


Pink. 

Pink. 

YeUow. 

Yellow, 

Colour extracted by am- 
monium acetate. 

Orange. 

Pink. 

Yellow, 
red rim. 

Orange. 


Bluer. 

Pink. 

Yellow. 

Brighter. 

Stands boiling with soap. 


Red. 


YeUow. 


Blue. 


j Dark blue. 

Brown. 

The spot with HNOj 
finaUy changes to yellow, 
with green rim. 

No action, j 

No action. 

Blue to 
brown. 

Decolourised, 

HNOj spot has a blue 
! rim. 

No action. 

No action. 

Blue to 
yellow. 

Decolourised. 


No action. 

No action. 

Blue to 
brown. 

Decolourised. 

HNOi spot a black 

rim. 

Paler. 

Pink. 

Violet to 
yellow. 

Decolourised, 


No change. 

No change. 

Violet to 
yellow. 

Decolourised. 


No change. 

No change. 

Violet to 
brown. 

Decolourised. 

HNOj spot has a blue rim. 

No change. 

Pink- 

Violet, 

Decolourised 
on Ixjiling. 

HNOj spot disappears on 
washing. . 

No change. 


No change. 

Bright red- 
brown. 


No change. 


No change. 

Bright red- 
brown. 


Violet. 

Violet. 

Violet 

Decolourised. 

HNOj spot disappears on 
washing. 

No change. 


Black. 

Black, then 
decolourised. 

HNO* spot restored to red 
byNHi, 

No change. 


Brown. 

Decolourised. 

Picric acid ttims the fibre 
brown. 

No change, 


Yellow. 

; Decolourised. 

i 

Picric acid turns fibre dark 
browm. . 
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Hydrochloric acid | 

Sulphuric acid 

Sodium hydroxide. 

Dyestui! 

Fibre 

Solution 

Fibre 

Solution 

Fibre | 

Solution 

Deltapurpurin G 

Black. 

Colourless. 

Black. 

Blue. 

No 

change. 





Blue. 

Blue. 

No 







change. 


PrilliRTit rnn 



Blue 

Blue. 

No 


® ! 





change. 


R 

Cr'^'n 



Blue. 

No 







change. 


Congo. Corinth 

Black. 


Black. • 

Blue. 

Redder. 

Colourless. 

Hessian Purple B 

Gray. 

Colourless. 

Blue. 

Blue. 

No 

change. 

Pink. 

Hessian Purple N . . . . 

Black. 

Colourless. 

Black. 

Blue. 

No 

change. 


Azarine S 

Red. 

Colourless. 

Darker. 

Red. 

Bluer. 

Red. 

Azo-eosin * 

Dark red 
violet. 

Lilac. 

Dark red- 
violet. 

Lilac. 

Orange, 


Alizarin 

Yellow. 

Yellow. 

, 

Red. 

Violet. 

Violet, 

Alizarin S 

Orange. 

Orange. 

Orange. 

Orange. 

Violet. 

Violet. 

Alizarin Maroon (with 
chrome). 

Yellow. 

Yellow. 

Brown. 

f Brown. 

Violet, 

Violet. 

PuTpurin 

Maroon. 

Red. 

Crimson. 

j Crimson. 

j 

Purple, 

Pink. 

Rose Bengal 

Decolour 

1 

Brown. 

i 

Darker. 



Dw-nl ! . . 

Scarlet. 

Orange. 

Darker. 









New Magenta 

Y^ellow. 

Y ellow. 

Yellow. 

Y ellow. 

Decolour 


Scarlet R 

Duller. 

Pink. 


Pink. 

Yellower 


Brilliant Double Scar- 
let 3 R. 

Violet. 


Violet. 

Violet. 

Darker. 


Brilliant Scarlet R . . . . 

Darker 

Pink. 

Crimson. 

Crimson. 

Brown. 


Brilliant Scarlet 

No 

change, 


Purple. 

Purple. 

Brown. 

Brown. 

Bordeaux Extra 

Violet. 


Violet, 

Violet, 

Maroon. 

Brown, 

Bordeaux G 

Violet. 

Blue. 

Blue. 

Blue. 

Purple. 
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Am 

Fibre 

monia 

Solution. 

Spot with 
nitric 
acid. 

Stannous 
' chloride 
and hydro- 
chloric acid 

Remarks 

No change. 


Yellow. 

Darker, then 
decolourised. 

Picric acid turns fibre 
brownish-red. 

No change. 


Decolour- 

ised. 

Decolourised, 


No change. 


Blue. 

Decolourised. 

Picric acid turns fibre 
brown. 

No change. 


Brown. 

Decolourised. 


Redder. 

Pink. 

Brown, 

Decolourised. 

Fibre black with HNOc 

No change. 

Pink. 

Yellow. 

Decolourised. 

HNOif— violet. 

No change. 


Brown, 

Decolourised. 

HNO 2 — black. 

Bluer. 

Red. 

Orange. 

Yellow. 

Picric acid — brown. 

Orange. 

Orange. 

Brown. 

Decolourised 
on heating. 

HNOr spot disappears on 
washing. 

No change. 

No change. 

Yellow. 

Yellow. 

i 

Ba (Oip ? — violet. Gives 
no nuores. sol. with 
Ah(S04)s on boiling (dis- 
tinction from madder 
and purpurin). 

Violet. 

Colourless. 

Yellow, 

Orange, turned 
violet by NaOH. 

Ash contains A1 or Cf. 

No change. 

No change. 

Brown. 

Red on heating. 

Ash contains Cr. 

No change. 

Pink. 

Yellow. 

Red, liquid yel- 
low. 

Ba(OH)!— red. 

Fluores, sol. with boiling 
solution of Ali(SOOs. 

No change. 

Pink. 

Yellow. 

Decolourised. 


Darker. 

Pink, 

Yellow. 

Decolourised. 


Decolour. 


Yellow. 

Decolourised, 


Brighter^ 


Yellow. 

Decolourised. 


Pink. 


Yellow. 

Decolourised. 


No change. 

Pink. 

Yellow. 

Decolourised. 


Darker. 

Pink. 



• 

Crimson, 

Pink. 

Yellow; 
blue rim. 

Bluer. 


Darker. 




i 

1 
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Azo-fuchsine G.. 


Alizarin GG (Cr 
mordant) . 


mordant). 

Alizarin Bordeaux 
B (Cr mordant) . 


Benzo-Purpurin 4B.' 


R. 

Crystal Scarlet . 


Croceine jBX. . 


Cyanosin 

Cyclamln 

Cloth Red G . . 
Cloth Red B.*. , 


Hydrochloric acid * 

Fibre 

Solution 

Purple. 

Blue. 

Darker. 

Red. 

Brighter 

Pink, 

No change. 

Pink. 

Brown. 

Yellow. 

Brown. 

YeUow. 

Maroon. 

Brown. 

Brown. 

Colourless. 

Blue. 

Colourless. 

Blue. 

Colourless. 





.i Blue. 

( 

Blue. 

. Crimson. 

j Pink. 

Darker, 


Purple. 

Purple, j 

Orange. 

..I 

Flesh. 


. Violet. 

Blue. 

Violet. 


. Violet. 


, Crimson. 


Blue. 

Colourless. 

Purple. 

Colourless. 

. Blue. 

Blue. 


Sodium hydroxide 
Fibre j Solution 


Purple 

Maroon 

Violet. Violet, 


Red 

Maroon. 

Darker 

Violet. Blue. 


Orange 

Brown, Brown. 


Blue. Black. 


Yellower 

No change. | 

No change 

Brown, j 

Purple 

Brown. 1 

Brown. Brown, 

Brown. Brown. 

. No change 


Redder. Colour- 
les& 

Redder. Colour- 
less. 

Decolour- Gray. 
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Ammoni 

Fibre 

a 

Solution 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid. 

Remarks 

Bluer. 


Blue. 

Decolourised. 


Bluer. 

Pink. 




Scarlet. 

Red. 

Orange. 

Decolourised. 


Red 

Orange. 

Red. 

Decolourised. 


Maroon. 

Colourless, 

Orange. 

Darker. i 

i 


Darker. | 

Colourless. 

Orange. 

Brown, 


Violet. 1 


Red, 


i 

No change. 


Red. 

Decolourised. 


No change. 


Yellow. 

Decolourised. 


No change. 


YeUow. 

Decolourised. 



Pink. 

Yellow. 




Pink. 

Yellow; 
blue rim. 

Decolourised. 


Broumer. 


YeUow. 

Decolourised 
on boiling. 



Pink. 

YeUow. 




Pink. 

YeUow; 
violet rim. 

Lighter. 


No change. 


YeUow. 

Orange. 



Pink. 

YeUow. 

Decolourised. 


Darker. 


Red. 



Crimson. 

Pink. 

YeUow. 

Bluer. 


Brighter. 





Brighter. 

Pink. 


Darker. 


Brighter. 

Pink. 

Brown. 

Decolourised. 


Redder. 

Pink, 

Brown. 

Decolourised. 


Lighter. 

Scarlet. 

Blue to 
yeUow. 

Decolourised. 



VoL. V.~3S 
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DyestufE 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Congo Red 4 R 

Blue. 

Colourless. 

Blue. 

Blue. 

No change. 


Diamine Past Red. . 

Violet, 

Colourless. 

Purple. 

Blue. 

Brown. 

Colourless. 

Diamine Scarlet B. . 

Violet. 

Violet, 

Violet, 

Violet. 

Orange. 

Colourless. 

Diamine Red NO . . . 

Olive. 

Colourless. 

Blue. 

Blue. 

No change. 


Diamine Red 3 B... 

Yellow. 

Colourless. 

Blue. 

Blue. 

No change. 


Erica B 

Redder. 1 Colourless. 

Purple. 

Violet. 

Bluer. 

Colourless. 


Purple. 


Violet. 

Violet. [ Maroon. 





Fast Red B ' Crimson, i Pink. 

Violet. 

Purple, i Red. 



Darker. 

Pink. 


Violet. 








Fast Red D ■ Darker. 

Pink. Violet, 

Violet. ! Brown. 


Fast Red E Maroon, j Pink. Purple. 

Purple. { Brown. 


Fast Red BT ' Darker. Violet. ! Violet. 1 Red. 


Fluorescein Yellow. 

! 

Yellow, 

Yellow, 

Yellow. 


Yellow; 

green 

nuor. 

Gcranin No change. : Crimson.; Pink. 

Violet. 

Colourless. 


Red. 


Brown. 


Darker. 







Scarlet 6 R 1 Crimson. 

Pink, Violet. Violet. 

Brown. 



Pink. j Darker, j Scarlet. 

Orange. 

1::. 



Scarlet S extra ' Brown. 

Blue. Bluer, j Blue. 

Violet. 

1 

Milling Red R : Maroon, 

1 Purple, j Purple. 

Redder. 

1 


Violet. 


Blue, j Blue. 

Maroon. 

j 




Scarlet 2 S f Yellow, t Pink. 1 Orange. | Pink. 

Orange. 


Palatine Scarlet. . . . 

Darker. 

Pink. 

Crimson. 

Magenta. 

Brown. 


Palatine Red j Bluer. 


Blue. 

Brown. 

Brown. 


Bluer. 


Violet. 

Violet. 

Purple. 






Decolour. 


Y etlow. 

Yellow. 

Darker. 





Orchil Substitute V. 

Crimson. 

Crimson, 

Crimson, 

Crimson. 

Maroon. 


Orchil Substitute 3* Crimson. 
VN. 1 

Crimson. : Crimson. 

1 

Crimson. 

Maroon. 


Fast Violet B. (Viol- 
amin B.) 

Violet. 


Scarlet. 

Red. 

Violet. 


Past Violet R. (Viol- 
amin R.) 

Bluer. 

Pink. 

Red. 

Red. 

Red. 
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Ana moo ia 

Fibre | Solution 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

No change. 

Pink. 

Orange. 

Decolourised. 


No change. 



Brown. 

Decolourised. 1 

1 

Orange. 


Crimson. 

Decolourised. | 

No change. 

Pink. 

Brown. j Decolourised. 


No change, 

Pink. 

Brown. 

Decolourised, 


No change. 

Pink. 

Red. 1 Decolourised. 

Darker. 



j Yellow. Lighter. 

Brighter. 

Pink. Yellow, Lighter. 

Darker. 

Brown. j Yellow, ' Lighter, 

Darker. 

Red. j Yellow. j Brighter. 

Darker. 


Yellow. 1 Lighter. 


Yellow, green 
floor , 

j 1 

Violet. 

Violet. 

No change, ; Decolourised, 

Darker. 

Pink. f Yellow. Decolourised, 



Pink. i ; 

Bluer. 

Pink, 1 Yellow. Crimson. 

No change. 


Crimson. 

Orange. 

Yellower. 

Yellow. 

Lighter. 



Redder. 



Purple. 


Yellow. 


HNO^blue rim. 



Darker. 

Pink. i Yellow. Decolourised. ; 

Maroon, 

^ Yellow. 

i 

Lighter. 


Maroon. 


Yellow, 

Lighter. 


Redder. 

Pink. 

Scarlet. 




Pink, 

Scarlet. 

' 
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Dyestufi 

1 Hydrochloric acid 

Sulphudc acid 

Sodium hydroxide 

1 Fibre ' 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Orchil Red G 

Crimson. 

Pink. 

Purple, 

Purple. 

Darker, 


Naphthylene Red 

Green. 

Colourless. 

Blue, 

Blue. 

; No 
i change. 


St. Denis Red 

Bluer. 

Colourless. 

Crimson. 

Crimson. 

Orange. 

Orange, 

2 R. Xylidine 


Red. 

Darker. 

Red. 

Decol- 

ourised. 

Red. 

j R. Cumidine 

Red. 

Red. 

Darker. 

Red. 

Brown. 

Brown. 

Wool Scarlet R 

Darker. 

Rose. 

Darker. 

Red. 

Orange. 

Red. 

Pyrotin R PO 

Violet. 

Colourless. 

Violet. 

Violet. 

1 Brown. 

1 Brown. 

Ponceau 6 R 


Violet. 

Violet. 

Magenta. 

Brown. 

Brown, 

TolyleneRed. Neutral 
Red. 

Blue. 

Blue. 

Green. 

Green. 

1 Olive, 

i 

Pyronin B 

Orange. 

Orange. 

Orange. 

Orange. 

Orange. 

Colourless. 

Stilbene Red 

Black. 

Colourless. 

Violet. 

Colourless. 

Pink. 

Alkali Red 

Blue. 

Colourless. 

Blue. 

Blue. 

i 

Pink. 

Chromotrope a R. . . . 

No 

change. 

Pink. 

Dark 

red. 

Dark 

red. 

Redder. 

Pink. 

Titan Scarlet 

Dark 

red. 

Dark red. 

Magenta. 

Magenta. 

Dark 

red. 

Red. 

Atlas Red 

No 

action. 

Colourless. 

Crimson. 

Crimson. 

No 

action. 


Dianthin 

Darker. 


Crimson. 

Crimson. 

Orange. 





Ingrain Maroon 

No 

change. 


: Maroon. 

Maroon. 

No 

change. 


Acid Hilling Scarlet. . 

Brown- 

ish. 

1 Colourless. 

Maroon. 

Maroon. 

Darker. | 


Rock Scarlet SY 

Brown- 

ish. 

Colourless. 

Maroon. 

Maroon. ! 

No I 
change. 


Rock Scarlet BS 

Browner. 

Colourless. 

Maroon. 

Maroon. ! 

No 1 
change. 


Clayton Cloth Scarlet. 

Darker. 

Magenta. 

Magenta. 

Ruby. 

Maroon. 

Reddish. 

Cochineal Scarlet G . . 

Brown- 

ish. 


Bluer. 


Orange. 

Orange. 

Cochineal Scarlet R . . 

Brown- 

ish. 


Purple, 

Colourless. 

Orange. 

Orange- 

Cochineal Scarlet ? R. 

Brown- 

ish. 


Purple. 

Colourless. 

Orange. 

Orange. 

Wool Scarlet G 

No 

change. 


No change 


Orange. 

Orange- 
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Amm 

Fibre 

onia 

Solution 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Bright. 

Red. 

Y ellow. 



No chaoge. 


Green. 

Decolourised. 


Orange. 

Orange. 

No change. 

Decolourised. 


Brighter. 


Yellow. 

Decolourised, 


No change. 

No change. 

Yellow. 

Decolourised, 


Orange. 

Red. 

Darker. 




Orange. 

Blue. 

Decolourised. 

Colour extracted with hot 
NHjCiHsOj solution. 


Violet. 

Scarlet. 

Decolourised, 

Colour extracted with hot 
NHiCiHsOz solution. 

Orange, 

Orange. 

Blue. 

Decolourised. 

Colour extracted by hot 
NH<C!H30 j solution. 

Brighter. 

Yellow. 

Scarlet. 

Decolourised, 

Colour extracted by hot 
NHiCsHjOs solution. 


Pink. 

Violet. 

Decolourised, 



Orange. 

Olive. 

Decolourised. 


Lighter. 

Pink. 

Yellow. 

Decolourised, 

Boiled with alum — violet. 


Orange, 

Orange. 

Decolourised. 


No change. 

Brown. 

Brown. 

Yellow. 

On reduction it gives 
primuline. 

Paler. | 

Orange. 

Darker. 

1 Decolourised. 



Pink. 1 

Maroon, 

Yellow. 

On reduction it gives 
, primuline. 

Paler. 

Orange. 

Yellow. 1 

Pink. 


No change. 

1 ! 

Y' ellow. 

Decolourised. 

Resists boiling soap solu- 
tion. 

No change, 

Pink. 

VeUow, 

Decolourised. 

Resists boiling soap solu- 
tion. 


Pink. 

Y'ellow. 1 

Decolourised. 


Yellower. 

Onuige. 

Yellow. 

Decolourised. 


Yellow. 

Orange. 

Yellow. 

Decolourised. 


Yellow. 

Yellow. 

Yellow. 

Decolourised. 


Yellower. 

Yellow. 

ellow. 

Decolourised. 
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Hydrochloric acid Sulphuric acid 1 

Sodium hydroxide 


Fibre 

Solution Fibre 

Solution 

Fibre 

Solution 

Wool scarlet R 

No 

change. 



Orange. 

Orange. 

Wool Scarlet a R- 

No 

change. 

! No change. 


Orange. 

Orange. 

Buffalo Rubine 

Violet. 

Blue. 

Violet, 

Ruby. 

Ruby. 

Cotton Scarlet 3 B. 

Violet. 


Colourless. 

Violet. 

Violet. 

Brilliant Red 

Violet. 


Colourless. 

Brown- 

ish. 

Brown. 

Madder 

Brown- 

red. 

, red. 

Red. 

Purple. 

Purple. 

Orchil 

No 

change. 

Red, I Purple. 

Purple. 

Purple. 


Braxil wood 

Dark 

red. 

Pink. j Brown. 

Yellow. 

Maroon. 

Violet. 

Barwood 

Redder. 

Red- 

i brown. 

Dirty 

brown. 

Purple. 

Colourless. 



... 1 Red- 


Pti 




brown. 

brown. 



Safflower | 




Pale 



tsed. 

j ised. 


yellow. 


Cochineal ^ 

Orange. | 

Orange. Pink. 

1 Pink. 

Purple. 

1 

Ammoniacal 

cochineal. 

Orange. ; 

Orange, j Yellow- 
! brown. 


Bluer. 



Brilliant Orseille C . . , 

Green. 
Restort^ 
on dilution 

1 Pink on i 
1 dilution. 


Dull 

green. 

Light blue. 

Tannin Orange R. . . ; 

Orange on 
dilution, j 
Crimson. 

Crimson. 

Orange on 

dilution. , 

Dirty 

orange. 

Alkali Fast Red R . . 

Reddish- 
brown. 
Restored 
On dilution 

Reddish- 

brown. 
Red on 
dilution. 


Rather 

duller. 

Pink. 

Diamine Rose B. D.- 

Redder. 

Bluer 










Man Red G 

Little 

Red vio- 



Scarlet. 


change. 

let. Red 
on dilution 






Sorbine Red 


Scarlet. 


Bluish- 

scarlet. 


Red 

orange. 
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Ammoi 
Fibre j 

nia 

Solution 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Yellower, 

Yellow. 

Yellow. 

Decolourised. 


Yellower. 

Yellow. 

Yellow. 

Decolourised. 


^ DuU red. 

Red. 

Yellow. 

Decolourised. 


Violet. 


Orange. 

Decolourised. 


No change. 


Orange. 

Decolourised. 


Brown-red. 


Yellow. 

Terra-cotta. 


Purple. 


Decolourised. 

Ash contains Al. 

Violet. 

Violet. 

Yellow. 1 Violet. 

j 


Purple. 

Colourless. 

Olive. , No change. 

1 


Purple. 

Colourless. 

Olive. j No change, j FeSOi — violet. 

Pink. 

' Yellqp^. 

1 J 

On cotton fibre. 


Purple. 1 Yellow, i ‘ Orange. 

i ■ 

Sn mordant. 

Violet. 


Ash contains Al. 


Little change. 


Giecn. Decolourised. 

j 1 

Acid colouring matter for 
wool. 


Light orange. 

1 Red orange. 

Decolourised. 

Form of paste. For calico 
printing. Silk (soap bath), 
leather, paper and cotton 
(reactions for cotton). 

Little or no 
change. 


Brown 

orange. 

Decolourised. 

Not dyed in alkaline bath 
but in the usual way with 
HtSOi and Glauber’s salt. 
Wool colour. 

! 

i 

Scarlet. 

Decolourised. 

Diamine colour on cotton, 
and wool. For dyeing and 
padding, and for printing 
j pale shades. 


j 

Yellow, 

Decolourised. 

Acid colour, similar to 
Naphthol Red but more 
fiery and brilliant Re- 
actions, on wool. 



Yellow 

orange. 

Decolourised. 

Acid colouring matter, 
wool. Suitable for pro- 
ducing "shot" effects m 
the dying of gloria cloth. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Rosopheninc Pink 
10 B. 

Bluish-pink 
Restored 
on diluting. 


Bluish- 
1 crimson. 
Pink On 
diluting. 


Bluer. 





Alkali Crimson 161 . ^ 

Redder. 

1 

Blue. Pink 
on dilution. 


Brighter 





Chlorantine Rod 4 B . 

Brorm. 
Restor^ 
on dilution.! 


Dirty 

blue. 


YeUow- 

cr. 





Rosophenine-gera- 

nine. 

Bluer. 


Bluer. 
Dull pink 
on dilution. 


Bluer. 



j 

1 

Nile Scarlet YY.... 

Dull red. 


Crimson. 
Pink on 
dilution. 


Orange. 





Direct Fast Scarlet 
R. 

No change. 

Colourless. 

Bluer. 

Bluish- 

red. 

No ! 
change. : 

Slightly 

yellowish- 

red. 

Diamine Fast Scarlet 
4 BN. 

Un- 

changed. 

Colour- 

less. 

Un- 

changed. 

Colour^ 

less. 

Lighter. ^ 

Red. 

Oxy Chiome-Gamet 
B. 

Lighter. 

Pink, 

No 

change. 

Colour- 

less. 

Crim- 

son. 

Crimson. 

Algole Scarlet G . . . . 

No 

change. 

Colour-' 

less. 

No 

change. 

Reddish. 

No 

change. 

Colour- 

less. 

Diamine Axo Scar- 
let 4 B. 

No 

change. 

Colour- 

less. 

LitBe 

change. 

Pink. 

Lighter. 

Pink. 

Diamond Red G . . . . 

Orange. 

Orange. 

Orange. 

Orange. 

Crim- 

son. 

Crimson. 

Dianil Past Scarlet 
6 BS. 

Much 
darker, * 

Colour- 

less. 

Violet. 

Violet. 

Darker. 

Yellowish. 

Ciba Scarlet G 

j No change. 

Colourless. 

No change. 

Colourless. 

No 

change. 

Colourless. 

Azo Fuduino 4 G 
extra. 

Yellower. 

Red. 

Bluish- 

crimson. 

Crimson. 

Reddish- 

brown. 

Red. 

examine Red j B. . 

Purple, 

Colour- 

less. 

Blue. 

Colour- 

less. 

No 

change, 



Benzo Past Scarlet 

7 BS. 

Dark 

brown. 

Colour- 

less. 

No 

change. 

Colour- 

less. 

Darker 
in shade. 

Slight 

orange. 

Erio-chrome Red B. 

Bright 

red. 

Colour- 

less. 

B^ht 

Colour- 

less. 

Lighter. 

Colour- 

less. 

Trooa Red B 3 

No 

change. 



Light 

red. 


Orange. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre ' 

Solution 



Pale pink. 
Colourless 
on dilution. 

Decolourised 
at once. 

Dyed on fianelette. Good 
fastness to acids, alkalies 
and air. 





Brown. | 

Decolourised. 

Direct dyeing cotton col- 
our. 





Greenish-yel- 

low. 

Yellowish- 

brown. 

Direct cotton colour (and 
for wool). Recommended 
for cop dyeing. 



Slowly 

decolourised. 

Slowly 

decolourised. 

A dyestuff for cotton giv- 
ing full shades at 0 . 25 %. 



Orange. 

Solution 

pink. 

Very slowly i 
decolourised. 1 

Dyed in an acid bath. 
Suitable for wool and 
carpet yam. 





No change. 

Decolourised on 
boiling. Solu- 
tion colourless. 

Direct cotton colour. 





Unchanged. 

Light red on 
boiling. Solution 
colourless. 

Direct cotton. Exhausts 
well. 





Redder. 
Soln. Red. 

Light red on 
boiling. Solution 
red. 

Acid mordant wool dye. 





Orange. 

^0 change on 
boiling. 

Vat dye, very soluble. 

1 




Lighter. 

Little change on 
boiling. 

Direct cotton dye. 





Yellow. 

Light red on 
boiling. Solution 
red. 

Acid mordant dye. 





Yellower. 

Little change on 
boiling. Solution 
colourless. 

Direct cotton dyestuff. 





No change. 

No change on 
boiling. 

Vat dye. Animal fibres 
may also be dyed. 





Orange. 

Decolourised on 
boiling. 

Acid dye for wool. 

i 




Purplish- 

grey. 

A little bluer 
on boiling. 

Direct cotton, suitable 
for mixed fabrics. 





Orange. 

Darker on bail- 
ing. Solution 
colourless. 

Direct cotton dye, loose 
cotton, yarn, and pieces, 
especially for mercerised 
material. 





Orange. 

Bright red on 
boiling. Solution 
pink. 

Acid mordant dye. 





Pink solution 

Decolourised on 
boiling. 

Cotton. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Alizarin Red PS. . . . 

Bleeds 

slowly. 



Purple. 


Dirty dark 
purple. 





Dark red. 


Dark red. 



Red. 





Pyramine Orange R. 

Red. 


Light 

brown. 


Darker. 






Yellow 
(restored on 
washing). 


Decolour- 

ised, 


Slightly 

bluer. 






Rhodamine 6 G, 
extra. 

Orange 
(col. re- 
stored on 
washing) , 


Orange. 


Redder. 





Columbia Fast Scar* 
let. 

Dark yel- 
lowish- 
brown. 


Deep blue. 



No 

change. 

Pale red on 
boiling. 

Acid Rhodamine R. . 

Red. 




Colour 

partially 

stripped. 



yellow. 



Benzo Past Red GL. 

Reddish- 

blue. 


Blue. 


Un- 

changed. 

Slightly 
pinlk on 
heating. 



Brown. 



Slight pink 
on heating. 

Red A. 





Acid Alizarin Red B. 

Red. 

Colour- * 
less. 

Red. 

Pink. 

Scarlet. 

Colour- 

less. 

Chloranisidine P. . . , 

Brown. 

Colour- 

less. 

1 Destroyed. 

Purple. 

No 

change. 


Azo-phloxine 

No 

change. 


’ Decolour- \ 
\ ised to 

1 buff. 

, Colour- 
less. 

Lighter, 

Colour- 

less. 

Amido Naphthol Red 
a B. 

Redder. 

Red. 

Redder. 

1 

Red. 

Orange. 

Orange. 

Acid Eosin s B 

Crimson. 

Colour- 

less. 

j 

i Dark 

1 crimson. 

j ! 

Colour- 

less. 

Orange. 

Pale 

orange 

Palatine Chrome Red Little 

B. i change. 

Pale red 
tint. 

Red. 

Pink. 

Reddish- 

brown. 

Pale 

red. 

Palatine Chrome Little 

Claret. i change. 

Pale 

red. 

Dark yel- 
lowish- 
brown. 

Dark yel- 
lowish- 
brown. 

Lighter. 

Red tint. 

Triazol Red lo B. . . Dark 

: blue. 

Colour- 

less. 

Dark 

blue. 

Dark 

blue. 

No 

change. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Light yellow. 

Slowly decolour- 
ised. 

Mordant dyes all fibres. 





Bleeds 

slightly. 

Light yellowish- 
brown. 

Direct cotton red. 





Light brown. 

Decolourised, 

Direct cotton. 





Decolourised 

No effect. 

Basic colour. Cotton or 
silk. 





Orange. 

No effect. 

Basic dye for dyeing or 
printing. 





Reddish 

brown. 

No effect. 

Direct cotton red. 





Yellowish- 

red. 

Partially 

decolourised. 

Brand of rhodamine. 





Darker. 
Solution 
bright red. 

No change. 

Direct cotton for wool, silk 
or union fabrics. 





Yellow solu- 
tion on heat- 
ing. 

No change. 

Acid mordant. 





Red. solu- 
tion pink. 

Lighter and red- 
der on warming. 
Pink solution. 

1 Acid mordant. 





Slightly 
browner. 
Pale pink 
solution. 

Slightly redder 
on boiling. 

Yellower and more bril- 
liant scarlet then nitros- 
amine red. 




Yellowish 
orange. Soln. 
pale orange. 




warming. 


1 

Orange red. 
Soln. red. 

Pale red on boil- 
ing. Solution red, 

Level dyeing acid dyestuffs. 

! 



Orange. 
Solution 
pale yellow. 

Decolourised. 

Easily leveling acid dye. 
White discharges with tin 
and Zn. 





Red. solu- 
tion pink. 




Solution pale pink 

ness to milling. 



Orange. 1 

Solution 

orange. 

Nearly decol- 
ourised. 

Acid mordant. Fast to 
light, milling, etc. 





Dark red. 
Solution red. 

No change. 

Soluble and level dyeing 
direct cotton dyestuff. 
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Dyestxiff 

Hydrochloric acid 

i Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

1 

Fibre 

Solution 

Fibre 

Solution 

Mercerine Wool Red 
Y. 

Yellow. 

! 

Pale yel- 
low. 

Orange. 

Pale 

orange. 

Crim- 

son. 

Colour- 

less. 

Toluyleae Bordeaux 
B. 

Deep dull 
blue. 

! 

Colour- 
less. ^ 

Deep blue. 

Bright 

1 blue, 

No 

; change. 


Acid Anthracene Red 
J B. 

Bluish- 1 
crimson. 

! 

Colour- 

less. 

Bright 

purple. 

Pale pur- 
ple. 

; No 

1 change. 


Oxamine Past Red P . 

Dull red- 
dish-blue. 

Colour- 

less. 

Bright red- 
dish-blue. 

Bright red- 
dish-blue. 

; No 
change. 


Milling Scarlet B . . . 

Turns 

bluer. 

Colour- 

less. 

Crimson. 

. Crimson. 

Turns 

.yellower. 

Orange- 

yellow. 

Ciba Bordeaux B. . . 

Un- 

changed. 

Colour- 

less. 

Brown. 

Brown. 

Un- 

changed. 

Colour- 

less. 

Vat Red 

Maroon. 

! Colour- 
less. 

Red. 

Colour- 

less. 

1 Red. 

Colour- 

less. 

I>iazo Brilliant Scar- 
let PR extra. 

Much 

darker. 

Colour- 
! less. 

, No change. 

1 

Colour- 

less. 

i 

No 

change. 

Colour- 

less. 

Triazol Bordeaux B . 

Reddish- 

blue. 

Colour- 

less. 

Violet- 

blue. 

i Violet- 
blue. 

No 

change. 


Wool Red SB 

Scarlet. 

1 Colour- 
less. 


1 No 
change. 

Pale 

scarlet. 

Colour- 

less. 

Diamine Brilliant 
Bordeaux R. 

Deep 

blue. 

Colour- 

less. 

Deep 

blue. 

Colour- 1 
less. 

No 

change. 


Duatol Bordeaux B. 

Blue. 

Colour- 

less. 

Blue- { 
black. 

Colour- 

1^. 

Red. 

Colour- 

less. 

Algole Bordeaux, j 
B paste. 

Little 
change. | 

1 

Colour- 1 
less. ' 

Little 

change. 

Maroon. 

No 

change. 

Colour- 

less. 

Lanafuchsine BBS.. 

Brown ish- 
r^. 

Colour- 

less. 

Blue. 

Blue. 

Brown- 

ish- 

red. 

Se 

red. 

Algole Orange R.. . . 

No 1 

: change. 

Colour- 

less. 

No 

change. 

Colour- 

less. 

No 

change. 

Colour- 

less. 
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Ammoaia 

Spot with 
nitric acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Pale yellow. 
Solution yellow. 

Orange yellow 
on warming. 
Solution pale yel- 
low. 

Acid dye. Fast to light, 
and milling. 





Deep purple. 
Soln. pale crim- 
son. 

No change. 

Direct cotton dyestuff. 
Resists feeble chloring. 





Bluish crimson, 
then orange, to 
orange-y^ow. 
Soln. pale orange. 

Little change. 

Acid dye for wool. 





Deep orange 
brown. Som. 
orange. 

No change. 

Dirrct cotton dyestuff. 
Suitable for cotton, wool, 
silk and unions. 





Turns yellower. 
Soln. pale scarlet. 

Pale bluish-crim- 
' son on warming. 

Bright scarlet shades in an 
acid bath, which are fast 
to light, etc. 





Brown. 

Decolourised. 
Solution colour- 
less. 

Vat dyestuS. Great fast- 
ness. 





Red. Solution 
colourless. 

Red on boiling. 
Solution colour- 
less. 

! Sulphur derivative of 
' indigo. 




i 

Darker. i 

Soln. colourless i 

1 

On boiling, light- 
er. Solution 
colourless. 

Direct cotton. 





Fibre and solu- 
tion, purple. 

On warming, a 
little paler. 

Direct cotton. 



Yellow. Soln. 
pale yellow. 

Decolourised 
on warming, , 

1 

Acid dyestuS, 





Reddish-brown. 
Soln. colourless. 

Purple. 

Direct cotton. 





Redd ish -orange. 

Decolourised. 

For self shade or union. 





Yellow, 

No change. 

Vat dye for cotton. 





Bright red. 
Soln. pale red. 

Decolourised 
on boiling. 

Level dyeing acid colour- 
ing matter. For mixture 
slmdes and cotton eSects. 





No change. 
Soln. colourless. 

On boiling, no 
change. Soln. 
colourless. 

Vat dye for cotton. Fast 
against washing, chlorine, 
etc. 
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VII. BLACK COLOURS. 


Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Tannin Black 

Straw. 


Straw. 


Grey. 




Reddish, 


Olive- 

green. 


Reddish. 







Violet. 



Greener. 

Violet. 






Resorcin Black 

Grey. 

Brown. 

Brown. 

Brown. 



Green. 

Wool Black 

Black. 1 Blue. 

Black. 

Blue. 

No 

action. 



No 

action. 


No action. 


No 

action. 









Orange. 


No 

action. 





Alizarin Black | Black. 

1 

Violet. 1 Black. 

Blue. 

Black. 

Blue. 

Woaded Black | Blue. 

Violet, 1 Blue, 

i 

Violet. 

Blue. 

Violet. 

Logwood Black, 

Brown. 

Red. Brown. 

Red. 


Purple. 

Naphthol Black B.... No : ; Green, l 

; change, i ' ; 

Blue. 

No 

change. 



Green, 

Blue. 






Naphthol Black 6 B. . . Redder, j Colourless. 1 Greener. | 

1 Greenish. ' 



Naphthyl-amine Black No 

D. ; change. 

Green, i Violet. 

Bluer. 

Blue. 

Anthracite Black D...! Violet. ; Greener. 

Grey. 

No 

change. 

Pink, 

V'ictoria Black s G. - . Greener.] Colourless.; 

Green. 

Dark 

green. 

Green, 


Green, 

Greener. 

Violet. 

; 1 : 

Jet Black R i 

Green. Blue. 

Blue. 

I Dark 

1 green. 


Wool Gray Lighter, 

Maroon. 

Maroon. 

Grey. 

1 Brown. 


Diamond Black 1 Green. 


Greener. 

Green. > Darker. 

Grey, 

Njgrosine, soluble 

Slate. 


Slate. 

Grey, 

Brown. 


Nigrosine 

Darker. 

Purple. 

Violet. 

Blue. 

Maroon. 


Benzo Black S 

Violet. 


Violet, 

Violet. 

Violet. 

Red. 




Blue. 

Blue. 

Violet. 






Violet Black 

Bluer. 


Blue. 

Blue. 


pink 
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VII. BLACK COLOURS,— CwXMuti. 


Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

No action. 



Decolourised. 

Ash contains Fe. 



No action. 


Brown. 

Decolourised. 




Violet. 

Brown. 

Decolourised. 



No action. 


Yellow. 

Brown. 

Ash contains Fe, 


No action. 


Red'brown, . 

Decolourised, 



No change. 



Green- grey. 

CaOCl? — brown-red. 



No action. 


Orange. 

Ash contains Fe. 



No action. 


Olive-green. 

Brownish. 



Blue. 

Violet. 


Green-blue. 




Purple. 






' 

Violet, 

Violet. 

Red. 

. . 

Criinson. 


Violet. 

Violet. 

Red. 

Crimson. 



Blue. 

Red. 

Purple. 




Violet. 

Brown. 

No change. 





V ellow. 

Violet. 

i 




Violet. 

Red. 

Decolourised. 




Violet. 

Orange, 

! 




! Yellow. 

Decolourised, i 



i ! : 

Brown, 


1 Yellow. 

Violet, 




! 


Ash contains Cr. 





Brown. 

Grey. 




Maroon. 





Violet. 

Pink, 

Scarlet. 

Decolourised, 

On cotton. 

Violet, 

Pink. 

Brown. 

Decolourised. 

On cotton. 


Violet. 

Orange. 

Decolourised. 

On cotton. 



ANALYSIS OF COLOURING MATERIALS. 


560 


Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Benzo Grey S 

! 

Bluer. 


Violet. 

Blue. 

Violet. 


Diamine Black BO. ... 

Redder. 


Blue. 

Blue, 

Redder. 

Pink. 

Same developed with 
phenylene-diamine 

: , 

Blue. 

• 



! 




Diamine Black RO. . . . 

Redder, i 

1 Blue. 

Blue. 

Violet. 

Pink. 

Same developed .with 
phenylene-diamine. 


Darker. 




! 




Diazo Black R (with 
^-naphthol). 

j 

Navy blue 

Navy blue. 


Rose. 

Diazo Brilliant Black 
B. 

Green- 
ish blue. 


1 Indigo 

1 blue. 

Indigo 

blue. 






Diamine Deep Black 
00. 

Dark 

violet. 

Dark 

violet. 

1 Dark 

1 blue. 

Blue. 

Red. 

Red. 


Dyestuff 

Hydrochloric acid j 

1 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre j Solution 

Fibre 

Solution 


Darker. 





Light 

brown. 



j grey: dir- 
ty purple 
on dilution. 



Alizarin Blue- Black 
B. ^ 

1 

Little or 
no change. 


Violet. 


Little 
or no 
change. 





Direct Deep Black G 

Little 

change. 

Light 

red. 

Dull 

violet. 



Violet. 



Vidal Black 

Little 

change. 

Faintly 

yellow. 

1 Dull 
violet. 


Bluish- 

green. 





Diamine Grey G.. . .1 

Little 

change. 



Grey, 

Little 

change. 





Diamin Jet Black, 
CR. 

i Little 

1 action. 


DuU dark 
violet. 



Light 

viiMet, 


1 



Light 

brown. 

Dark red- 
dish blue. 
Dull violet 
on dilution. 



Red- 

violet. 

NP. 

1 




Light 

yellow. 


Violet 

black. 


Grey. 


j 
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AmiDonia j 

Spot with 
nitric 
acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

Fibre 

Solution! 

Redder, 


Scarlet. 

Decolourised. 

On cotton. 



Violet. 

Decolourised. 

On cotton. 




Decolourised. 

1 On cotton. 

1 

1 



Violet, 

Decolourised. 

On. cotton. 



1 

Decolourised. 

On cotton. 


Rose. 

Brown. 

Decolourised. 




Violet. 

Decolourised. 



Violet. 

Brown. 

Decolourised. 



Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 


Purple, 


May be combined with all 
direct cotton colours 
which are dyed with salt. 




Little change. 


i Olive-brown, i 

1 i 

! i 


Alizarin colour. Cotton 
printing with acetate of 
chromium, wool. 




Dull volet. 

Dark brown. , 

1 Decolourised. 

! 

Discharged with tin salts; 
slightly yellow shade, 
but zinc dust, good white. 



Dull violet. 

Drab. 

Cotton colour. Past to 
acids. 

■ 1 

i 

1 Brown. 

Decolourised. 

Cotton, silk, cotton and 
silk. Direct cotton col- 
our. 

1 


Brown, 

Greyish-yellow, 

Cotton Colour. 


1 



Brown. 

Slowly decolour- 
ised. Yellow 
liquid. 

Easily discharged white in 
light shades. Reactions 
for dye on cotton. 





Dark brown 
solution. 

Dark grey. 

Cotton colouring matter. 
Acts as a mordant for 
basic dyes. 




Vot. V .-~36 
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DyestuS 

Hydrochloric acid j 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Soudan Black 

Dark 

violet. 

Red. 

Green. On 
dilution, 
violet. 



Deep vio- 
let. 

Paramine Blue- Black 

S- 

Redder. 



Reddish- 
blue. Vio- 
let on di- 
lution. 

Violet. 

Bluish- red. 


Green. 
Blue on di- 
lution. 


Olive- 
green. Red- 
dish-brown 
on dilution. 


Blue- 

black. 






Direct Deep Black 
E extra. 

: Little . . 
change. 


Dark blue. 

Dirty red | 
on dilution. 

Greener. 


Clacton Fast Black 

No change. 

\ Tinged 
with yel- 
low. 

No change. 


No 

change. 


Diazo Black, a B. . . 

[No change. 

! s 

Bluer. 

Blue. Pur- 
ple on di- 
lution. 

No 

change. 


Clayton Past Grey S. 

Greenish. 


; Olive. Dc- 
1 colourised 
ion dilution. 

! 


Little 

action. 





Palatine Chrome No change.; Colourless. 

Black 6 B. i 

t 

Light 

1 blue. 1 

Colour- 

less. 

! 

Light I 

blue. 

Red. 

Agalma Black B . . . 

Violet. Violet. 

1 

Dark >. Crimson. 

^ crimson. 

i 

; Green ish- 
j blue. 

Greenish- 

blue. 

Diazo Past Black, Little ; Colourless. Little j Brown. 
MG. i change. i change. 1 

! i 1 1 

Lighter 

in 

shade. 

Paint 

red. 

Oxychrome Black P Bluer. Colour- i Maroon. | Greenish. 

■ less. i 1 

Violet. 

j Violet. 

Kresol Black BB .. Reddish- \ Light | Rrddish- 

i violet. 1 red. violet. 

Pink. 

1 

Violet. 

Violet. 

Acid Black 8 B Violet. 1 Violet. 

Bluer 

Bluish. 

Green. 

1 Green. 

Diiatol Black 3 B. . . Little Colour- 

change. less. 

i Little 

1 change. 

1 Colour- 
j less. 

Blue. 

Blue. 

Acid Alizarin Black No change.' Colour- 
SNT. } less. 

Violet. 

1 Violet. 

Reddish- 

violet. 

Reddish- 

violet, 

Ka^en Deep BlacL 

L, Little 
j change. 

Colour- 

less. 

Dark 

brown. 

Brown. 

No 

change. 

Colour 

less. 

Immedial Brilliant No change 
Black. 1 



No 

change. 


! i 
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Amm 

Fibre 

onia 

Solution 

Spot with 
nitric 
acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

1 

Scarlet. 

Decolourised. 

Acid black. Fast to light 
and milling. Penetrates 
thick material, wool. 

i 

i 

Violet to j Slowly decolour- 
cnmson. | ised. 

i 

New cotton colour. May 
be diazotised on the fibre. 
Reactions for cotton. 



Greenish- 
yellow, 
Yellow on 
dilution. 

Brown, 

Dyed on union lining. 

' 


Orange. 
Yellower on 
dilution. 

Decolourised. 

Very strong dyestuff. All 
kinds of cotton material, 
half wool in a neutral 
bath. 

1 ! 

Olive-brown. 

Similar in some re.spects to 
the Vidal class. Past to 
acids, alkalies, light, and 
milling. 

' 

Solution and . Slowly decol- 
fibre red- i ourised. 

dish-brown. | 

Direct dyeing colour for 
cotton. 

1 

Little action. 

Brownish-drab. 

Dyestuff for cotton. Fast 
to atmospheric influences 
and light and all reagents. 

1 

; < • boiling. Solution , 

1 colourless. | 

Acid mordant for wool. 


Decolourised on ! Acid dyestuff /or wool, 
boiling. Solution; 
colourless. | 

1 Lighter in 
i shade. 

On boiling de- 
colourised solu- 
tion colourless. 

Direct cotton. Capable of 
being diazotised and de- 
veloped. 

i yellow. 

Decolourised on 
boiling. 

Acid mordant for wool. 


Light green on 
boiling. Solution 
colourless. 

Acid dyestuff, suitable for 
piece goods and horse 
hair. 


Orange. 

Decolourised on 
boiling. 

Acid dye, for piece goods. 

i orange. 

Decolourised on 
boiling. 

For self shade or unions. 


No change on 
boiling. 

Acid mordant for wool. 


Little lighter on 
boiling. Solution 
colourless. 

Sulphide dye for cotton. 

1 

No change. 

Dull bluish -green 
on warming. 

Sulphide dyestuff. Jet 
black without after-treat- 
ment. 
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Dycstufi 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Thic^ene Blacic. 

6 BG cone. 

Bluer. 

Colour- 

less. 

No change. 

Colour- 

less. 

Bluer. 

Colour- 

less. 

Dtamine Fast Blacic 
X. 

Bluer. 

Violet. 

No change. 

Colour- 

less. 

Bluer. 

Blue. ~ 

Diamine Fast Grey 
RN. 

Green. 

Light 

green. 

Violet. 

Colour- 

less. 

No 

change. 

Colour- 

less. 

Sulphocyanine Black 
4 B- 

Lighter. 

Violet. 

No change. 

Colour- 

less. 

Bluer. 

Colour- 

less. 

Erio-chrome Black 
T. 

No change. 

Colour- 

less. 

Bluer. 

Blue. 

Brown. 

Brown 

tint. 

Na^htholBlue- Black 

Greenish- 

blue. 

Greenish- 1 Dark 
blue, 1 blue. 

Dark 

blue. 

Violet. 

Violet. 

Diamine Beta Black 
B. 


; 

Dark 

blue. 

Bleeds 

slowly. 





Immedial Black 
PP, extra. 

No change. 


Blue 

solution. 

No 

change. 





Pluto Black FR..., 



Blue. 

No 

change. 





Benzonitrol BUck. 

Little 

change. 


Blue. 


No 

change. 





Diamond Black a B. j 

Slightly 

greener. 


Blue. 


Slightly 

bluer. 





Coomassie Wool iDark blu- 

Black 4 BS. j ish-purple. 


Dark blu- 
ish-purple. 

1 . 

No ; 
effect. 1 





Phenylatnine Black No effect. 
T. i 

i 




No 

effect. 



ish-purple. 



Naohthalene Acid Slichtlv 




Lighter. 


Black 4 B 

bluer. 


purple. 



Phenylene Black 4 B. 

No effect. 


Blue. 


' No vis- 1 
1 ible 1 
1 change. 

1 Pale blue. 

Azo Acid Black 3 j Red. 

BL. extra. 1 


Red. 


Violet. 



! ! 


Oxamine Black N... No change. 

i 

i i 

Parti- 

ally 

stripped. 

Deep blue. 

Carbon Black BW. Slightly 
j paler. 


As with 
HCl. 


Colour 

I partially 
removed. 





Kryogen Black B. . . 

No action. 

Yellow. 

No action. First violet 
■then brown 

No 

action. 


Alizarin Chrome i 



No effect. 


No 

change. 


Black S. 1 
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Ammonia | 

Spot with 
nitric acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

Fibre 

Solution 



No change, 

Decolourised on 
boiling. 

Sid^hich^ dye for silk and 





Colour 

stripped. 

Decoloumed on 
boiling. 

Direct cotton dyestuff. 

i 


1 


Salmon, 

Decolourised on 
boiling. Solution 
colourless. 

Direct cotton dyestuff. 

■ ! 




Light brown. 

Grey on boiling. 
Solution colour- 
less. 

Suitable for dyeing dress 
goods and men’s goods. 




Brown. 

Blue on boiling. 
Solution blue. 

Acid mordant for woo]. 


i 

Bright red. 

Decolourised on 
boiling. 

Level dyeing acid colour- 
ing matter. 


Bluish-red 

solution. 

No change. 

Direct cotton developed. 


Bleeds 

slightly. 

Little change 

I cold. Olive- 
brown on heating. 

Sulphide black. 

^ 1 

! j 


Reddish- 
1 brown. 

' Little change. 

Direct black (union goods). 



Maroon, j 

Slightly lighter. 

Direct black. 

: 1 


Red first then 
decolourised. 

Acid mordant dye. 

! Solution red. 

Slowly decolour- 
ised. 

Acid black. 


Brown, 

1 Solution red. 

1 

Slowly decolour- ; 
ised, 1 

Acid black. 

I" 

i 

Decolourised, 

i 

1 

Lighter. 

Acid black. 


^ Brown, 

No change. Solu- 
tion blue on 
warming. 

Acid black. 

[ 

i 


j Red. 

1 

Red. 

Acid black. 

; 


Pale red al- 
most decol- 
ourised. 

No change. 

Direct-dyeing cotton. 





Reddish 
colour ex- 
tracted. 

No effect. 

Direct cotton black. 





Decolourised. 

Solution 

maroon. 

Green. 

Sulphide colour. 





Greyer. 

No change. 

Bisulphite compound. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hyrdoxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 



i I 

Cold-no 
action. 
Colour 
removed 
on heat- 
ing. 


Black DG. 






Diphenyl Black 
base 1. 

No change. 


Un- 

changed. 

Light blue. 

No 

change. 


Chromate Black T. Dark reddish- 
; brown. 

! 


Violet 

black. 


Violet 

black. 





Sulphur Black T 
extra. 

No change. 


No 

change. 



1 

! 


C^]||diammogene 

Unchanged. Blue 

black. 

Blue. 1 Blue. 

I 

No 

change. 


Pyrol Black B | No action, 

1 


Black. 1 Dull 
i purple. 





Thional Black PC . j No change. 

' ; violet. 

1 1 

No 

change. 


Azo Merino Black 
BE. 

No action, i Pink. i No action 

No 

i action. 

i 


Acid Alizarin Grey 
G. 

No action. \ 

i 

i 

Dark [ Colourless, 
brown, i 

1 

i 

No 

action. 


Domingo Chrome No change. 

Black PF. ; j 

I ' 

Black. 

Blue. 

Black. 

Pale blue. 

Domingo Blue- ; Scarlet. ; Colourless. 

Black LW. i ; 

Dark red. j Pale red. 

Crimson. 

Pale red, 

Biebrich Acid 
Black ST. 

No change. 

Purple. 

Little 

change. 

Pale blue. 

No 

change. 

1 Pale blue. 

Thion Blue Black. No change. 

1 

i 


Little 

change. 

Violet. 

No 

change. 


Domingo Alizarin No change. 
Black B. 

1 brown, i purple. 

No 

change. 
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Amiii' 

Fibtc 

onia 

Solution 

Spot mth j 
nitric 
acid I 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 



Redder. 

No change. 

Acid mordant. 



No change. | 

No change. 

Analogous to aniline black 
ungreenable. Can be 
printed along with steam 
colours. 

1 

1 

j 

Browner. 

Violet-black. 

Acid mordant. 

1 


No change. 

Green. 

Sulphur black. 



; Fibre col- | 
ourless; so- | 
lution yellow. 

No change. | Direct cotton dye, 

i 


' 

Black. Solu- 
tion pur- 
plish-brown. 

On warming no 
change. Solution 
pale red. 

Sulphur colour. 



No change, 
Solution 
violet. 

Olive -green on 
warming; black 
reproduced on 
w'ashing. 

Sulphur colour. 

i i tion orange- ^ boiling, 

i 1 red. j 

Acid dye. 

i 

1 

[ Dark brown. 
Solution 
light brown. 

No action. 

j 

May be dyed in a neutral 
bath, an acid bath with 
or without after-treat- 
ment, or upon chrome or 
alum mordant. 

1 

1 

Reddish- 
orange. So- 
lution orange. 

1 No change. 

i 

i ... 

Dyestuii for wool. Fast to 
light, milling, hot press- 
ing, etc. Cotton effects 
remain unstained. 



Yellow. Solu- 
i tion pale 
j yellow. 

1 

Bright green on 
j warming. 

Dyestuff for wool. Cotton 
checking threads remain 
unstained. 


j brown. So- 
lution scarlet. 

i On warming, 
pale brown. 
Solution colour- 
less. 

For w'ool. Suitable for 
dyeing is an acid bath. 
Cotton effect remaining 
white. 

i 

1 

Little change. 
^Solution pale 
purple, 

i On warming, 

! olive. Solution 
colourless. 

Sulphide dyestuff. Suita- 
ble for dyeing cotton 
fabrics. 



Reddish 
then orange. 
Solution ra- 
dish tint. 

On wanning, dull 
purple. Solution 
pale purple. 

Acid mordant dye suit- 
. able for loose wool, piece 
goods, cotton effect fab- 
rics and machine dyeing. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Sbltttion 

Wool Printing 
Black B. 

No change, j 


Little 

change. 

Pale dull 
blue. 

Dark 

violet 

Uue. 

Pale violet 
blue. 

Direct Black FF. 
extra. 

No change. 


Little 

change. 

Orange- 

yellow. 

No 

change. 


Para Diamine 
Black B. 

No change. 


Little 

change. 

Bright 

1 bl^- 
green. 

No 

change. 


CoTvan Black B. . 

No change. 


Little 

redder. 

Colourless. 

No 

change. 


Chrome Acid Black 
G. 

No change. 


Deep 

bluish- 

crimson. 

Pale 

crimson. 

Little 

change. 

i Purple. 

i 

UnionBtacki BNI. 

Violet. 

Colourless. 

Deep blue. 

Blue tint. 

Little 

change. 

Colourless. 

Benayl AcidBlack 
BB. 

Purplish- 

black. 

Colourless. 

Turns 

bluer. 

1 Colourless. 

Deep 1 
blue. 

Blue-black. 

Calcutta Black 3 
B. 

Little 

change. 

Colourless. 

Little 

change. 

Blue-black. 

No 1 
change. ^ 

Colourless. 

Thiophenol Black 
BF extra. 

No change. 

■ 

Little 

bluer. 

DuU blue. 

i No 
change. 


Immedial Brilli- 
ant Black s BV. 

No change. 

Colourless. 

No change. 

Colourless. 

1 No ' 
change. 


Anthracene Blue- 
Black C. 

i Redder. 

1 Colourless. 

Paler and 
redder. 

[ Colourless. 

No 

change. 1 


Katigen Black T 3 
B and BFC extra. 

No change. 

Colourless. 

No change,! 

: Colourless. 

No 

change. 


ErioChrome Blue- 
black B. 

No change. 

Colourless.: 

Black 1 

Blue. 

No 

change. 

Colourless. 

Triazol Black B, . 

No change. 


Greener. 

Greenish- ' 
blue. ' 

No 

change. 


f^ghthomelan 

No change. 


No change. 

Hj 

No 

change. 
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Ammonia 

Spot with 
nitric 1 
acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

Fibre 

Solution 

1 


Fibre and 
elution crim- 
son. 

Dull purple; on 
warming buff. 
Soln. colourless. 

Suitable for printing wool. 
Does not gelatinise, or 
sublime on steaming. 

1 


I 


Fbre and so- 
lution deep 
crimson. 

Little change. 

Direct cotton dye. 

1 




Pbreand so- 
lution dull 
crimson. 

No change. 

Direct cotton dye. Past to 
lustring, and hnishing. 





After a time, 
deep dull 
crimson. So- 
lutbn pale 
crimson. 

Little change. 

Acid mordant dye. Suit- 
able for machine dyeing 
or for knitting yams. 





Deep Orange 
brown. Soln. 
pale brown. 

Deep blue on 
warming. 

Soln, pale blue. 

Acid mordant. Suitable 
for fabrics containing 
cotton effects. 



i 

Purplish- 
brown. Solu- 
tion pale dull 
purple. 

On warming 
wool decolouris^, 
coUoH dark brown. 

For a good black on union 
mater^ 

1 

1 



Fibre and so- 
1 lution deep 
claret red. 

j 

On warming, pale 
bluish-green. 

Acid dye. Suitable for 
wool in a strongly acid 
bath. Cotton effects re- 
main unstained. 




iLittle change. 
Solution p^e 
dull purple. 

On wanning 
chocolate brown. 

Developed direct cotton 
dye. Suitable for cotton 
materials. 


1 

( 1 



Little change. 
Soln. dull 
purple tint. 

Turns 3 little 
browner on 
warming. 

Sulphide dye for cotton. 





Little change- 
Soln. purple. 

Pale olive on 
warming. 

Sulphide dyestuff, good 
blue-black shade. 

i 


Pale brown. 
Soln. colour- 
less. 

Almost decolour- 
ised on warming. 

Acid mo rdant. Good 
fastness. 




Little c^nge. 
Solution 
grey- 

No change. 

Sulphide dyestuff. 





Olive-brown. 
Soln. brown, 

Light blue on boil- 
, ing. Solution 
blue. 

Acid mordant. 





Purple. Sola* 
tioQ 
purple. 

. Decolourised on 
wanning. 

Direct cotton. 





Greenish- 
grey. Solutior 
grey. 

On warming 
i pale brown. 

Cotton printing. 
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IV.-GREEX COLOURS. 


Dyestuff 

j Hydrochloric acid 

j Sulphuric acid 

j Sodium hydroxide 

Fibre 

Solution 

Fibre i 

Solution 

Fibre 

Solution 

CkBrulein 

DuUer. 

Claret. 

Duller. 

Amber. 

No 

action. 


Resorcin Green ' 

Yellow. 

Red. 

Brown. 

Brown. 

j Darker. [ 

Greenish. 


Pale 
green, j 


Brown. 

Y ellow. 

Decolour! 

i 





Alkali Green i Olive. 

Brown. 

Dk. brown. 

Dk. brown. 

Decolour' 

Methyl Green : Yellow. 

Yellow. 

1 Bleached. 

i Colourless. 

Decol- I 
ourised.i 

i i 


Malachite Green Orange. Orange. ! 

1 

Bleached. 

1 

Orange. 

i 

Decol- j 

ourised. i 


Yellow. , 

Decolour- 

ised. 

1 

! Buff, i 






Yellow. 


Orange. 


1 Paler. , 

1 1 






Vat Indigo and Old' Paler. 
Fustic. j 

j Blue, Paler. 

i i 

Blue. 

j Green- 
blue, 

Yellow. 

Vat Indigo and lead Blue. 
chroTnate. 

! Yellow. 1 Yellow- 
green . 

1 

: Blue. 1 

1 i 

Yellow. 

Indigo carmine and Blue. Blue, ; As HCl. 

picric acid. . then j j 

much ; ' 

' paler. ■ : 

I Blue. 

1 Decol- Yellow, 
ourised. 

1 


J'fo 

action. 


No action. ' 


1 No 1 
I action. 

1 





Azine Green Violet. ! 


Brown. i 






A lo Green ' Brown. ^ Yellow. ; Browti. ! Yellow. 

Yellower! 

Brilliant Green i Yellow, j Yellow. | Red. 

Red. 

Decol- ; 

ourised. ! 

Diamond Green > Bluer, i V'ellow. 1 Bluer. | 

1 Blue. 



Dioxin Dk. j Brown. 1 Dk. green, j 

1 brown, j j 

j Black. 

Dk. 

brown. 

j Red. 

Alizarin Green SW Redder. : Pink. ! Blue. j 

Blue. 

Greener.' 



Yellow. 1 









Yellow- ; 
ish. 1 


Brown, j 


Decol- 

our. 


i 




Gambin i Olive, j 

Yellow, j Olive, j 

Brown. 

No i 
action. ^ 


Indoine Blue z B ' Green. 1 

Yellow. Dark green. 

Green. 



Light Green SP ‘ Orange. ' 

Yellow, 1 Orange, 

Yellow. 

Decolour 


Light Green S Brown, 

Brown. iRed-brownI 

Yellow. 

Decolour 


Naphthol Green : Yellow. ^ 

Yellow. ! Olive. 

Drab. 

Brighter 

Olive. 



1 Yellow, 

Yellow. 

Decol- 

our. 
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GENERAL REACTIONS OF DYED FIBRES. 
IV.-GREEK QOhOUK%,~{Continued) 


Ammonia j 

Fibre Solution j 

Spot with 
nitric 
acid 

Stannous 
chloride ! 

and hydro- i 

chloric acid | 

Remarks 

No action. 

! 

1 

Brown, 

Red. 


No action. 


Brown. 

Paler. 

; Ash contains Fe. 

Decolour. 



Decolourised. 

1 


Decolour. 


No change. 

i 

Decolourised. 


' 

Decolourised, 

1 Heated to loo'^ — violet 
j (distinction from mala- 
1 chite green). 

Decolourised. 

1 

i i 

i Decolourised. 

i 



Buff. j . . ! Decolourised. 


Paler. [ Brown. 

Decolourised, I 

Blue. Greenish. \ 

Paler, Boiling solution Al:- 

: 

(SOdi — yellow with green 
nuor. 


niiip. thpn 1 A.5 l>i PK Cr 

j colourised. : 



ised. 

j i 

j ric acid. 



1 ! ! 


Brighter. i 

Decolour * Yellow. ! 

Yellower. 

Decolourised j Orange. j 

Yellower. 

i 1 Red. 

1 Brighter. i Ash contains Cr. 

Dk. brown, j Brown. \ 

; Ash contains Fe. 

Greener, j Brown. 

Gray. ' Ash contains Cr. 


1 Lighter. 

Decolour. | i Orange. 

1 i 

i ! . _ 

No action. | Red. 

No change. ! Ash contains Fe. 

Lighter. j ; Yellowish. 

i ' 

Decolour. i Yellow. 

Brighter. 

Decolour i Orange. 


No action Orange. 

j Decolourised. 

Decolour Red. 

j No change. 
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DyestuS 

1 Hydrochloric acid 

Sulphuric acid | 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Columbia Green..J 

Dark slate. 
Restored on 
dilution. 

! 

j 

Dull violet. 

Light 
i neen on 
dilution. 

Little 
or no 
action. 

i 

Diamine Green G. 

Darker, 


Violet. 
Green on 
dilution. 


Darker. 

Green. 

Fast Light Green. 

Yellow. 
Greenish-blue' 
1 on dilution. 

! 

Yellow. 

i 

Bluer. 

Blue. 

Janus Green G. . . 



Olive -green 
Blue on 
dilution. 


Blue. 


Blue "bn 
dilution. 




EboU Green T. . . . 

; Very dark. 
Lighter on 
dilution. 


Reddish- 

blue. 

1 

Dirty 
green on 
dilution. 

Darker. 


Benxo Green BB. 



Darker. 
Light 1 
brown on ' 
dilution. ] 


Dark 

olive. 


Reddish* 
i brown on 
dilution. 

i 

! 

1 


Milling Green S. . 

; Bluish-grey. 
Yellowish* 
green on 
dilution. 


Dirty 

mauve. 


Little 

change. 

! 



1 

1 

1 


Acid Alizarin Di- 
rect Green G. 

No change. 

Colourless. 

Darker. 

Green. 

No 

change. 

Colourless. 

Alizarin Brilliant 
Green G, 

No change. 

i 

Colouriesa. 

YcUowish-| 

brown. 

Dark ! 
green. 

No 1 
change. 

Colourless. 

Sulphon Acid 
Green B, 

j Greener, 

Greenish. 

Greener. 

Greenish. 

Bluer. 

Colourless. 

Diamine Nitrazol 
Green GP. 

Reddish- ; 
1 violet. ^ 

Reddish i 
violet. 

1 

Reddish- 

brown. 

Red. 

No 

change. 

Colourless. 

Thiogene Olive ' 
Green GGN. i 

i 

No change. 

Colourless. 

1 

1 No change. 

Colourless. 

No 

change. 

Colourless. 

Oxamine Green G . j 

Slate blue. 

1 Colourless. 

Reddish- 

blue. 

Pale 

violet. 

DuUer. 


Immedial Brilliantl 
Green G extra. 

A little 
darker. 

Pale 

green. ^ 

No change. 

Colourless. 

Dark 

green. 

Pale violet. 

Naphtol Dark 
Green G. 

Light green. 

Green. 

Light 

green. 

Dark 

green. 

Violet. 

Violet. 

Cyanole Green D. 

Orange. 

1 


Yellow, i 


No 

change. 





Brill, Benzo Green 

B. 

. No change. ' 


Grey, 


Light 

Uue. 





Benzo Dark Green 
zG. 

Black. ! 

! 


Blackened 


Black. 
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Ammcmia 

Spot with 
nitric 
acid 

Stannous 1 

chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Little or oo , 
action. 


Light brown- 
ish-red. 

Decolurised. 

Substanive colouring mat- 
ter; may be dyed on cot- 
ton, wool or silk. 




Brick red. 

Decolourised. 

Direct cotton colour. 
Mixed wool and cotton 
goods. 





Vellow, Green 
on dilution. 

Yellow. 

Same by gaslight as by 
daylight, acid colouring 
matter. 





Green. Green 
on dilution. 

Decolourised. 

Dyed on union lining. 





Claret red. 
Colour des- 
troyed on 
dilution. 

Decolourised. 

Wool, cotton or silk (re- 
actions for cotton) can 
be discharged pure white 
with zinc dust. 





Olive brown. 
Light olive 
on dilution. 

Little change. 

Dyestuff for wool. Past 
to light and milling, with- 
1 out mordant in one bath. 



i 

^ Pink. Decol- 
ourised on 
dilution. 

! Decolourised. 

i 

Direct cotton green. For 
i silk and i wool dyeing 
suitable for padding pur- 
poses. Discharged white 
with tin or zinc. 





Orange. 

No change. 

Acid dyeing Alizarin dye- 
stuff. 





Yellow, 

Light green on 
housing, solution 
colourless. 

Level shades, fast against 
light. 





Maroon, 

Decolourised on 
boiling. 

Wool dye. good penetra- 
tion. 





Reddish- 

violet. 

Decolourised on 
boiling. 

Direct cotton dye. Can be 
coupl^ with paranitrani- 
line. 


1 


Brown. 

Brown on 
boiling. Solution 
colourless. 

Fast to most agents except 
chlorire. Sulphide dye 
for cotton. 

i 


Purple. 

Pale dull purple 
on warming. 

Direct cotton, suitable for 
union dyeing. 

( 



Dark 

magenta. 

Pale yellow on 
boiling. Solution 
colourless. 

Sulphide dyestuff. 




1 

Red. 

Decolourised on 
boiling. 

Acid dye for wool. 


' 



Olive. 

Pale yellow. 

Acid dyestuff. 





. j Olive. 

1 

Purple. 

Direct cotton. 





. i Dark 

Black, then blue, 
finally decolour- 
ised. 

, Direct cotton, all fibres. 


1 

j violet. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre Solution 

Fibre Solution 

Fibre 

1 

Solution 






Green W. 

lighter. | 

greyer. 

and 

bluer. 





No 


Green N. 

; i 

: effect. 





Blue. 


! 

j 





Chrome Green G. . 

No change. | 

i No change.' 

Pale 
i olive. 

Deep olive. 

Algole Dark Green 
B. 

Olive. i Olive. 

1 

No change.! Colourless. 

i 1 

; No 
change. 

Colourless. 

Kiton Green N. 

j Gradually to ! Pale yel- 
yellow. low. 

Slowly Colourless, 
decolour- 
ised. 

1 No 
change. 


Eclipse Green G. , 

i 

■ Lighter, Green. 

1 

Blue. Violet. 

1 

' Bluish- 
green. 

i Unchang- 
ed. 

Alizarin Green G . . 

! Crimson. ; Orange. 

j Brown, j Yellow. 

1 S 

Lighter. 

\ Yellowish- 
green, 

Neptune Green SG 

Yellow. ! Colourless. 

Yellow, j Yellow. 

1 1 

Colour- 

less. 

Colourless. 

Thional Green a G. < 

1 

Dull reddish- Colourless, 
blue. i 

1 Bright red- Pale olive, ; 
dish-blue 
then 
black. 

i 

^ change. 


Anthraquinone 
Green GXN. i 

i 

No change. ; Colourless. 

Dark Green, 

green. 

No 1 
change. 

Colourless. 

Pyrogene Dark | 
Green 3 B 1 

Turns bluer. Colourless. 

■ 

Bright Bright 

sky blue. sky blue, i 

No ; 
change. 

! 


Pyrogene Green 3 

Tunis bluer. Colourless.] 

, Reddish- Reddish- 
blue. blue. 

No i 
change. 


Guinea Fast Green 

Bright yel' . Colourless. 

Bright Colourless. 

1 No 


B. 

lowish-green 1 

1 yellowish - 

change. 



then bright | 

green, then 



1 

yellow, 1 

dull yellow. 



Sulphur Green G 

Deep dull ■ Colourless 

; Deep dull Pftle blue» 

No 


extra. 

blue, j 

i 

blue. 

change. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



OUve brown. 

Dark olive brown. 

Mordant dye. 





Purple. 

Decolourised on 
warming. 

Direct cotton. 





Yellow. 
Original col- 
our restored 
on washing 
(same as 
H1SO4), 

Greener. 

Acid green. 




Brown. 

Pale brown solu- 
tion. 

Mordant dye. 


i 

Yellower, 
Soln. colour- 
less. 

Maroon on boiling. 
Solution colour- 
less. 

Vat dye. Fast against 
washing, etc. 

i 



Yellowish- 
green then 
pale yellow; 
soln. pale 
yellow. 

Changes to green. 

Acid dye. 






Decolourised. 

Solution 

pink. 

Decolourised. [ Sulphur colour. 

Solution colour- 
less. 1 




Yellow. 

Solution 

yellow. 

On warming, | Acid mordant dye. 
brown. Solution \ 
pale red. 1 


i 

Yellow. 

Solution 

colourless. 

Little change. 
Solution colour- 
less. 

Acid colour. 

i 


Fibre and 
solution 
bright purple. 

Pale olive on 
warming. Solu- 
tion colourless. 

Sulphide dye. Fast to 
cross- d yeing , light, etc. 
Suitable for piece goods, 
machine dyeing, etc. 

I 

i 


Light orange. 
Soln. colour- 
less. 

On boiling no 
change. Solution 
i colourless. 

Suitable for dyeing loose 
wool and yam. 

i 


Fibre and 
solution 
purple. 

! Pale bluish-green 
on warming. 

A sulphide dye. Fast to 
■ milling, acids, etc. 





Fibre and 
solution 
bright red- 
dish-violet. 

On warming 
colour is greatly 
reduced. 

A sulphide dye for cotton. 
It is fast to light, cross- 
dyeing, etc. 





Golden yel- 
low, Soln. 
pale yellow. 

On warning, 
bright yellowish- 
green. 

Acid dyestuff with easily 
leveling properties. Fast 
to light, washing, alkalies, 
stoving, etc. 





1 Deep dull 

1 crimson. 
Soln, bright 
bluish-cnm- 
son. 

On warming, 
almost decolour- 
ised. 

Sulphide dyestuff, very 
soluble suitable for 

dyeing in machines. Fast 

to acids, milling, etc. 
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DyestufE 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

1 Fibre 

1 Solution 

Fibre 

Solution 

Tbional Brilliant 
Green GX. 

1 

; Turns bluer. 

! 

Colourless, 

1 

Reddisb- 

blue. 

Reddish 

blue. 

No 

change. 


Immedial Green 
GG extra. 

Turns bluer. 

Colourless. 

Black. 

Bluish- 

grey. 

Turns 

Uuer. 

Colourless. 

Erio-Viridine B,, . 

Yellowish- 
CTeen to 
golden-yd-. 

• low. 

Yellow 

tint. 

Yellowish-' 

green, 

then 

golden- 

^low. 

Pale 

yellow. 

' Pale 
green 
lumost 
decol- 
ourised. 

Colourless, 

Para Green G. . . . 

Navy blue. 

Colourless. 

Violet- ' 
Blue. 

Violet- 

blue. 

Dull 

olive. 

Colourless. 

Fast Acid Green. 
BB extra. ' 

j 

Orange- 
yellow. ! 

Paic 

yellow. 

DuU 

orange- 

yellow. 

Colourless. 

Sky 

l^ue. 

Colourless. 

Immedial Deep 
Green G. 

Slate blue. 

Colourless. 

Reddish- 

blue. 

Reddish- I 
blue. 

Yellower 

Colourless. 


V. YELLOW COLOURS. 


Dyestuff 

Hydrochloric acid 

! 

Sulphuric acid 

1 Sodium hydroxide 

Fibre j 

i i 

1 Solutiort ! 

Fibre 

1 Solution ^ 

Fibre 

Solution 

Picric Acid 

Decolour 

1 Yellow. 

1 Decolour. 


1 Orange. 

Yellow. 


Decol- 

ourised. 


i 1 





1 

1 

! ' 



Naphthol Yellow 

Decc4- 
; ouHsed. ; 

Colourless. 

1 Decolour- 
I ised. 


Orange. 

YeUow. 

Naphthol Yellow S. . . 

; Decol- 
1 ourised. 

Colourless.’ Decolour- 
i ised. 


Paler. 

Yellow. 


Paler. 


Drab. 


No 

action. 



i 



Quinoline Yellow. . . . : 

Yellow, i Cdouriesi.j Yellow, i 

i ! ' ! 

Colourless.' 

Decol- 

ourised. 


Chrysoidine Yellow . . 

Red. 1 

j ; 


YeUow. 1 

Paler. 


: ■ 


Past Yellow. 

1 Red. 


Brown. | 


1 

action. ! 






Orange 11 

Violet. 

j Violet. 

j Violet. ' 

Violet. ' 

Deep red 


Orange III 

Red, 

Pink. 1 

Violet. 

Violet. 

Yellow- 1 
ish. 


Orange IV 

i Violet, i 

1 i 

i 

Violet. 

[ Violet. 

Violet. 

No 1 
action, i 
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Ammonia 

spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

i 


Purple. Soln. 
colourless. 

On warming, 
olive -yellow. 

A sulphide colour for 
cotton. 






Bluish-pur- 
! pie. Soln. 
pale purple. 

On warming, pale 
yellowish-green. 

i Sulphide dyestuff. Past 
to light, washing and 
acids. 


I 

1 



Orange. | 
Solution 
deep yellow. 

1 

i 

On warming, 
bluish-green. 

Acid dye for wool. Cotton 
effects remain white. 


! 

i 



Reddish- ' 
violet. Soln. 
colourless. 

On warming, 
dull chocolate. 

Direct dyeing colour. De- 
velops a green colour 
with diazotised parant- 
traniline. Discharged with 
rongalite C. 


i 



Golden-yel- 
low, soln. 
pale yellow. 

On warming, 
yellowish-green. 

Level dyeing acid dye- 
stuff. Suitable for fancy 
shades on woUen piece 
goods and yams. 





Bluishjjur- 
pie Soln. 
colourless. 

Decolourised on 
warming. 

New sulphide dye. 




V. YELLOW COLOURS.-CtfnrtWfrf. 


Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Paler. 

Yellow. 


Decolourised. 

j KCN— red. 


No change. 




Warm water extracts the 
colour. 




Paler. 

: YeUow. 


Decolourised. 

' KCN— red. 

! Stains paper at i ae**. 


No change. 

Yellow. 


Bleached. ' 

1 


i 

No action. 



Brown. 



1 

No action, j 


1 Deep yellow, 

1 

No change. 



Yellower. 



Decolourised, 




No action. 

1 


Red. 

Decolourised. 



No action. ' 



DeccJourised. 


No change. 

Ydlow. 


Decolourised. 



No change, 

Ydlow. 


Decdourised. 




You V.— 37 
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Dyestufi 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Citron in 

Violet. 

Violet. 

Violet. 

Violet. 

Green- 

yellow. 

Colourless. 

Crocnn Orange 

Brown. 

Pink. 

Darker. 

Orange. 

Brown. 


Chrysamin 

Brown. 

Pink. 

Magenta. 

Violet. 

Dark 

orange. 

Colourless. 

Hessian Yellow 

Black. 

Violet. 

Dark 

violet. 

Violet. 

Dark 

red. 

Pink. 

Brilliant Ydlow... . 

Dark 

violet. 


Black. 

Violet. 

Red. 

Pink. 

Chrysophenin 

Black. 

Colourless. 

Brown. 

1 No 

' change. 

YeUowish. 

Primuline yellow 

No ! 

action. | 

Paler. 


Brighter 

Colourless. 

Tolylene orange 

Violet. Reddish. 

Magenta. 

Colourless. 

Brighter 


Tolylene orange 

R. 

Paler. 

Yellow. 1 Yellowish. 

YeUow. 

Redder. 

Colourless. 

Primuline orange | Brown. 

1 

Brown, 

Brown. 

Dark red. 

Dark 

brown. 


Oriol j Red. 

Red. 1 Red. 

Red. 1 Redder. 

Colourless. 

Auramine Decolour 

(kdoudess. ! Decolour. 

Colourless. 

Decolour 

Colourless. 

Curcumin W 1 Blaclc. 


Black, 

Violet. 

Red. 

Pink. 


Decol- 

ourised. 

Yellow. 


Green- 

yeUow. 

Paler, 





Tartrazin Orange. 

Yellow. 

Orange. 

Yellow, 

Orange. 

Yellow. 

Nitro alizarin i Straw 

[ yellow. 

Yellow. 

Brownish. 

YeUow. 

Claret. 

Colourless. 

Gallofflavin \ Darker. 

Yellow. 

Darker, 

YeUow. 

Darker. 

Yellow. 

Madder j No 

1 action. 


Red. 

Red. 

Purple. 

1 Purple. 

Quercitron bark I No 

1 change. 

Yellow. 

YeUow. 

YeUow. 

No 

change. 

Yellow. 

Flavin Yellow. 

YeUow. 

YeUow. 

Yellow. 

YeUow. 

Yellow. 

Old fustic 

Orange. 

Orange. 

Brown. 

Brown, 

No 

change. 


Young fustic 

No 

change. 

YeUow. 

Brown. 

Brown. 

Brown, 


Weld 

No 

change. 

YeUow. 

Bright 

yeUow. 


No 

change. 

Yellow. 

Persian berries 

No 

change. 

YeUow. 

Brown, 

YeUow, 

No 

change. 

YeUow. 

Annatto 

No 

change. 

Red. 

Blue. 

Blue. 

No 

action. 
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Ammonia 

Fibre Solution j 

1 

Spot with 
' nitric 

acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

No change. 

Colourless. 

Violet. 

Decolourised, 


No action. 


Black. 

Decolourised on | 
boiling. 

CaOCl i — decolou rised . 

Bright orange. 

Colourless. 

Gray. 

Decolourised, 


Dark orange. 

Orange. 

Brown, 

Decolourised. 


Red. 

Pink. 1 


Decolourised. 1 

i 


No action. 

1 

Violet, 

Decolourised, ! 

I 


No action. 



i 



; ! 


No action. 


Decolourised, ■ 

No action. 


Decolourised, 

No action. 

i 

Brown. 

Decolourised, j 


Orange. 


Orange- red. 

Decolourised. 

Very fast to light. 

Paler. 

Colourless. 

White. 

Decolourised. 


Red. 

Pink. 1 

Decolourised, j 


Paler. 

j ' 

Decolourised. 


Orange. 

Yellow. 

No action. 

i Decolourised. i 

i 

No action. 


Yellow, i 

Deep yellow. | 

Ash contains Cr. 

Darker. 

Colourless, 


Fe-.£l«-“Olive-green. 

Brown. 


1 

No change. 

FejClfi — olive- brown. 

No change. 

Yellow. 

1 Blue. ! 

j 

No change. 

FeiCIs— olive. 

No change. 

Yellow. 

1 Dark brown. , 

Brown-yellow, 

FeiCIs — olive. 

No change. 

Yellow. 

Pale yellow, j 

i 

Orange. 

FejCls — olive. 

Brown, 


Dark brown. 

No action. 

Fe 2 Cl« — olive. 


No action. 



Pale yellow. 


No action. 
Brown. 


No change. 
Brown. 


Fe^Ij — olive. 
Fe£l( — olive. 


No action. 


Decolourised. 


KiPe(CN)^blue. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Turmeric 

1 Brown. 

Colourless. 

Brown. 

! 

Brown. 

Brown. 

Brown. 


Decolour 


No action. 


No 

action. 






Chrome Yellow 

Decol- 

ourised. 

YeUow. 

DuUer. ' 


Redder. 

YeUow. 


Violet. 

Crimson. 1 

Violet, j 








Uranin G 

Brighter 

Yellow. 

Greener. 

YeUow. 

Orange. 

Yellow. 

Alizarin Yellow A 

No 

change. 


Dull 

yellow. 

Pale 

yeUow. 

Darker, 


Anthracene Yellow.. . 

Dark 1 
purple. ' 


Maroon. 

Maroon. 

Darker. 


Diamond Yellow G. . . 

' ! 

Orange. 

YeUow. 

Red. 


, Darker. 


Flavazot 

Crimson.! 

YeUow. 

Scarlet. 

j Orange. 

No 

change. 

i 

Patent Pustin 

Bri|ht 

YeUow. 

. Bright red. 

! Red. 

1 

Brown. 

1 

Brown. 


Decol- 

ourised. 


i Brown. 


Decol- 

ourised. 

1. .. . 





Milling Yellow 0 

Crimson 

Crimson. 

Crimson. 

I Red. 



Yellow N 

Violet. 

Violet. 

, DuU green. 

Violet. 






Tropeeolin 00 

Violet. 

Violet. 

Violet. 

1 Violet. 

Brighter 


MetanU Yellow 

Purple. 

Purple. 

Dark 

1 purple. 


^ Brighter 


Orange G 

Scarlet. 

Pink. 

1 Crimson. 

Red. 

1 Terra- 
cotta. 

1 

Orange GT 

mmm 

1 Pink. 

Crimson. 

Crimson. 

Darker. 


Orange R 

, Scarlet. 

i 

Pink. 

Crimaon. 

Red. 

1 Terra- 
cotta. 


Alizarin Orange W. , . 

Lighter. 

YeUow. 

Darker. 


1 Redder. 


Alizarin Orange S 

; YeUow. 

1 YeUow. 

Darker. 

Brown. 

: Redder. 


Benzoflavine 

Orange. 


Lighter. 


Lighter. 







Bcnzo Orange R 

Blue. 

j Cotouriess. 


Blue. 

Crimson. 

Colourless. 

Cloth Orange 

Violet. 


Violet. 

1 Violet. 

Dariter. 


Chryaamin R 

Violet. 


Violet. 


1 Pink. 






Caihazol Y^ow 

Slate. 

Cotouriesa. 

Blue. 

Blue. 

Orange. 

Pink. 

Clayton Yellow 

Orange. 

Colourless. 

Brownish. 


Scarlet. 

Colourless, 

Cotton Ydlow 0 

Crimson 

Colourlesa. 

Red. 

Red. 

Orange. 

Orange. 

Curcumm S 

Duller. 


Brown. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Brown. 

Orange. 

Yellow. 

Brown. . 

Ash contains Al. 

No action. 



Decolourised. 

HjS— black. 

No action. 



Decolourised. 

HrS — black. 

No change. 


Red. 

Lighter. 


Redder. 

Yellow. 

No change. 

No change. 


Darker. 




Ash contains Cr. 







Orange. 


Ash contains Cr. 




Darker. 


Orange. 

1 Brown. 

Ash contains Cr, 

No change. 


Scarlet, 

Scarlet. 


Brown. 

Brown. 

Red. 

Terra-cotta. 

1 

Lighter. 



Brighter. 


Brighter. 


Red. 

Decolourised. 


Brighter. 1 

' i 

Yellow. 

1 1 

Brighter. 


! Red. 

Darker. | 

No change. 


Red. 

Brown. 


No change. 


Yellow. 

Decolourised, 

i 








YeUow. 



Redder. 


Yellow, 

1 No change. 

Ash contains Cr. 

Redder. 


Yellow. 

j 

Ash contains Cr. 





Lighter. 



Decolourised, 

On cotton. 

Scarlet, 

Colourless. 

Brown. 

Decolourised. 

On cotton. 

Darker. 

Pink. 

Red. 



Orange. 



Decolourised. 

On cotton. 

Redder. 

Colourless. 

Crimson. 

Decolourised. 

On cotton. 

Orange. 

Colourless. 

Decolour. 

Orange. 

On cotton. 

No change. 


Crimson. 

Decolourised. 

On cotton. 

Redder. 


! 

i 

Decolourised. 

On cotton. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Cresotin Yellow G 

Violet. 

Colourless. 

Violet. 

Violet. 

Red. 

Pink. 

Congo Orange 

Violet. 


Blue. 

Blue. 

No 

change. 



Decol- 

ourised. 


Olive- 

green. 


Darker. 






ThloSavine S 

Lighter. 

Yellow. 

Red. 

Colourless. 

No 

change. 


Thiazol Yellow 

Orange. 



Brown. 

Colourless. 

Scarlet. 

Colourless. 


Orange. 


Dark 

yellow. 


Red. 






Diamine Yellow .... 
iV. 

Violet, 


Violet, 

Violet. 

Orange. 

Pink. 

Mikado Orange 4 

R. 

Olive. 


Blue. 

i 

No 1 
change. | 



1 


Mikado Orange R i 

Olive. 


Gray, j 

1 

! 

No 

change. 




1 


Nitraiinc Yellow. . . ! Yellow, i 1 

Yellow. ] 


Yellow. 

Poppy 2 G Red. 

Red. i Deep red. 

Scarlet, j 

j 

Red. 

Acridine Orange j Red. 

Red. i Decolour- 
I ised. 

Colourless.! 

Bright 

yellow. 

Yellow. 

Oxyphenine No 

’ change. 

Yellow, j Red. 

! 

Brown. 

No 

action. 


Aurotin Decol- 

our. 

Colourless. Brown. 

Colourless.; Redder, j Yellow. 


Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Alizarin ycUow 
p>aste. 

Brick- red. 

Yellow. 

Deep red- 
dish-yel- 
low, On 
dilution, 
fawn. 

Drab. 

Duller. 

Yellow. 


Brown. 


Crimson. 
Yellow on 
dilution. 


Orange. 






ChloTophenin 
Orange R, 

Brown. 


Violet, 
Brown - 
orange on ^ 
1 dilution. 


Red- 


! 


orange. 

i 


Crumpsall Yellow 
YYFD. 

Dark red. 

Orange. 

I Orange- 
1 red. ^ 



I Yellow, 

I 


I 

Direct Yellow R, . 

Greener. 

< Original col- ! 
our restored! 
on dilution. ! 


Red. 

1 

1 

Slightly 

redder. 


i 

1 








GENERAL REACTIONS OF DYED FIBRES. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Orange. 

Colourless. 

Violet. 

Decolourised. 

On cotton. 

No change. 


Crimson. 

Decolourised. 

On cotton. 

Lighter. 


1 

Decolourised. 

On cotton. 

No change. 


Brown. 

Orange. 

On cotton. 

Orange. 

Colourless. 

Lighter. 

Orange. 

On cotton. 

Orange. 



Decolourised. 

On cotton. 

Orange. 

Colourless. 

! 

Violet. 

1 Decolourised. 

On cotton. 

No change. 


Slate. 

Decolourised. 

On cotton. 

No change. 


Olive. 

1 Decolourised. 

j 

On cotton. 


Yellow. 




Red. 

Red. 

Decolourised. 



YeUow. 

Brighter. 

Purple. 


No action. 


No change. 

Decolourised, 

i 

On cotton. 


j Yellow. 

1 Lighter. 

j Decolourised. 



Ammonia 

c . -.v i Stannous 

Spot with , 

Remarks 

Fibre 

Solution 

1 and hydro- 
! chloric acid 



Red. 

1 Erick-red, 

1 

Mordant colour. For wool 
dyeing, wool or calico 
printing. Reactions are 
for wool with chromium 
mordant. 





Pale olive. , 

Dark olive. 

Direct dyeing colour. 
Cotton, wool or silk 
(reactions on cotton). 





Olive. 

Grey. 

Direct dyeing colour. 
Cotton, wool or silk. 





Orange. 

Decolourised. 

Calico printing and fast 
wool dyeing, Mn^es well 
with alizarins. 





Almost 

decolourised. 

Almost de- 
colourised. 

1 

Substantive, very soluble 
in water. Unsuitable lot 
wool and all animal 
fibres. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Oxydiamine 
Orange G. 

Dark violet. 
Brown on 
dilution. 


Bright 

crimson. 


Redder. 





Homophosphine 

G. 

Orange 'pmk. 
Colour re- 
stored on 
dilution. 

, 





Alkali Yellow R 

Browner. 


Red. 


Red. 





Alcali Orange G . . 

Redder. 


Yellowish- 

brown. 







Stilbene Orange 4 
R. 

Dark olive. 



1 

Brighter 


j 

i 

Brownish- 
yellow on 
dilution. 1 



Indanthrene 
Orange RT. 

Yellow. 

YeUow, 

Little 

change. 

YeUow. 

j 

No 

change. 

Colourless. 

Algole Orange R. . 

No change. 

i 

1 

Colourless. 

' 

No change. 

Colourless.^ 

No 

change. 

Colourless. 

Cloth YeUowGH. 

Red. 

Colourless. 

Brownish- 

yellow. 

Light 1 
yellow. 

Light 

orange. 

Yellow. 

Benzo Fast Yellow 
4 GL extra. 

Claret. 

Colourless. 

1 Maroon. 

Maroon. 

1 

No 

change. 

Colourless. 

Thioxine Orange 
R. 

No change. 

Colouriess. 1 

Yellowish- 

brown. 

YeUow- 1 
brown, 1 

1 

No 

change. 

Colourless. 

Thioxine Yellow G 

Orange. 

Colourless. 

Brown. 

Brown. 

Slightly 

reader. 

Colourless. 

Triazol Yellow G . 

Blue. 

Colourless. 

Bluish- 

purple. 

Colourless. 1 

No 

change. 


Triasol Fast Yellow 
G. 

No change. 


Brown. 

Brown. 

No 

change, 

Light 

yellow. 

1 

Erio-chrome Yel- 
low GR. 

Red. 

Yellow, 

Yellowish- 

red, 

YeUow. 

Orange, 

Colourless. 

Pluto Orange G . . 

Dark red- 
dish-brown. 


Brown, 
turning to 
dark crim- 
son. 

Almost 
decdour- 
ised on di- 
lution. 

Scarlet, 


Rheontfle A 

Orange. 


Light 

yellow. 


Ydlower 






Dianil Yellow s R. 

No effect. 


No effect. 


Orange. 

1 
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Ammonia 

spot with 
nitiric 
acid 

Stannous 
chloride 
and hydrO' 
chloric acid 

Remarks 

Fibre 

Solution 



DiiU red. 
Colour de- 
stroy^ on 
dilution. 

Yellow. 

Can be treated with coup- 
ling process. 





Yellow. 
Fibre and 
sola, orange; 
yellow on 
dilution. • 

Bright scarlet. 

Basic dyestuff suitable for 
dyeing cotton mordanted 
with tannin, or leather. 





Paler. 

Lighter. 

Direct cotton dyeing col- 
our. Reactions for cot- 
ton. 





! YeUow. 

Light yellow. 

Direct cotton dyeing. 


1 



Dark green. 

Dull yellow. 

j 

Direct cotton colour. Also 
for silk and half wool 
goods (not wool alone). 





Yellow. 

Light yellow on 

1 owing. Solution 

1 colourless. 

Vat dyestuff for cotton. 

1 


i 


1 

No change. 

i No change on 
boiling. Solution 
colourless. 

Vat dye for cotton. Fast 
' against chlorine, washing, 
boiling, acid, akali and 
light. 

! 




Orange. 

Decolourised on 
boiling. 

Acid mordant dyestuff for 
wool. 


1 



Claret. 

Little lighter on 
boiling. Solution 
colourless. 

Direct cotton dye. Silk, 
half-silk, printing and 
discharge wojk. 


! 


1 

Orange. 

Orange on boiling. 
Solution colour-, 
less. 

Sulphide dye for cotton. 





Orange. 

Orange on boiling. 
Solution colour- 
less. 

Sulphide dye for cotton. 


1 

1 



Violet. 

Decolourised on 
warming. 

Direct cotton. Wool, silk, 
half-silk and union ma- 
terial also dyed. 


i 

j 



No change. 

No change on 
filing. Solution 
light yellow. 

Direct cotton, unions, 
half-silk, chip and straw. 




i 

Orange. 

Decolourised on 
boiling. 

Acid monlant giving fast 
shades on wool. 


1 


j ' 

Lillie change. 

Olive-brown then 
slowly decolour- 
ised. 

Substantive, Cotton or 
sUk. 


1 


i 

Yellow 

solution. 

No change. 

Calico print! ng. 


1 

! 

Lighter. 

1 No effect. 

Direct cotton. 
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DyestuS 

Hydrochloric acid | 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Chloranisme Yel- 
GG. 

Slightly 

lighter. 


Salmon- 

pink. 


No 

change. 





Resofla vine Paste. 



Decolour- 

ised. 


Bright 

rea. 






Fast Light Yellow 

G. 

Yellowish- 

brown, 


Yellowish- 

brown. 


Colour 

extract- 

ed. 





Stilbene Yellow 4 
G. 

No change. 


Dirty 

yellow. 


Deeper. 





Domingo Chrome 
Yellow G.. 

Red. Original 
colour re- 
stored on 
washing. 


Red, same 
as HCl. 


Orange. 





Eclipse Yellow 3 G- 

Orange. 

Colourless. 

Orange. 

Colourless. 

No 

change. 

! 

Krogene Yellow R. 

Slightly 

darker. 

I 

Brownish- 

yellow. 

Yellow. 

Darker. 

1 Pale pink. 

Flavanthrene R. . . 

No action. 

1 

j redder. 

Colourless. 

No 

action. 


ChlorazolPast YeL 
low B. 

No change. 


Scarlet, j 

Pale 

scarlet. 

No 

change. 


P^rogene Y ellow 3 

Yellowish- 

brown. 

i Colourless. Turns 

1 1 duller. 

i I 

Yellow. 

tint. 

No 

change. 


Thional Yellow R. 

! 

Orange- 

yellow. 

Colourless. 

' No change. 

Pale 

yellow. 

Little 

redder. 

Colourless. 

Sulphcm Yellow 5 
G. 

1 

Orange- 

yellow. 

Colourless. 

Little 

change. 

Lemon- 

yellow. 

Orange 

yellow. 

Colourless. 

Diamine Past Yel- 
low M. 

Greyish- 

olive. 

Brownish 

tint. 

Deep ' 
bluisn- i 
crimson. ' 

Colourless. 

No 

change. 


Salicene Yellow D. 

Crimson. 

Colourless. 

Crimson, 

then 

scarlet. 

Orange. 

No 

change. | 

Immedial Yellow 
GG. 

Orange. 

Colourless. 

Duller and 
redder. 

Pale 

yellow. 

No 

change. | 

P^^zine Yellow 

No change. 


Redder. 

Yellow, 

No i 

change. [ 

Alizarin Yellow $ 
G. 

Bluish-' 

crimson. 

Colourless. 

Bright 

red. 

Orange- 

yellow. 

No 

change. 


Sulphine A 

Light 

orange. 

Orange. 

Brown. 

Brown. 

No 

change. 

Colourless. 










genebal reactions or DVEB fibres. 


Aitunonia 


Stannous 


Fibre 

1 Solution 

“ nitric 
acid 

tdiloride 
and hydro- 
chloric acid 

Remarks 



Much 

lighter. 

Di^Iourised 

slowly. 

Direct cotton. 




■ Decolourised 

1- Decolourised 
slowly. 

Direct cotton, ” ^ 



Yellowish- 

orange. 

No effect. 

Acid yellow (wool). 



• No change. 

No change. 

Cotton yellow. 



Same as 
H:S04. 

As sulphuric 
acid. 

"Mordant'dywtuffT" 



Decolourised, 

Solution 

yellow. 

No change. 

A sulphur colour. 



Jiedder. 

Solution 

orange. 

On warming, 
yellowish-brown. 

A sulphur colour. 



F^der. Solu- 
tion pale yel- 
[ Ion'. 

Pale olive on 
boiling. Solution 
colourless. 

^^rin dyestuff^fhdan- 

threne class. Soluble in 



No change 
Solution 
; lemon yel- 
low. 

On warming, duff 
brown, Solution 
colourless. i 

Subatanti^ cotton • 
dyestuff. Fast to light, 
acids, alkalies, washjijff 



bTT — ~ — 

On warming, pale 

orange-yellow. 

1 aud bleacliing. 



■ . Fibre and 
Solution 
Orange. 

' Sulphidedye. Pasttoacids. 
rmllmg, etc. 



Orange-yel- 
low, Soln. 
pale yellow. 

On warming, 
orange-yellow. 

Sulphide dye for cotton. 
Fast to milling washing 
etc.; without alter treat- 
ment. 



Little change, ( 
Soln. pale i 
Jemon-yellow} 

Turns redder on 
Warming, 

Suitable for dyeing wool 
m an, acid bath. Fast to 
light and milling. 



^irple. Solu- 
tion yellow, 

On warming, dull 
orange-brown. 

I^rect cotton dyestuff 
Past to chlorine. Suit- 
able for dyeing r/j silk. 


1 Crimson thenj 
scarlet, Soln. 
f oranjje tint, j 

Deciourised on 
warming. 

Acid mordant 
for wool. 



rittle change.] 
Solution 
yellow. 

Turns redder. j 

Sulphide dyestuff. 


1 

Paler, Solu- ; 
non yellow. 

Decolourised on j 
warming. 

4cid dyestuff. 



Fibre and ] 
solution '! 
scarlet. 

Decolourised on , J 
warming. 

salicylic aao compound. > 




ight orange, 1 C 
Solution y 
oranije. i 

3n boiling, light ' I 
ellow. Solution 
yellow. ) 

>yes cotton direct. 
Orange shade only ob- 
tained on develooment 
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ANALYSIS OF COLOURING MATERIALS, 


III. BLUE COLOURS. 


CyestuS 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 






i 

Blue, red 
fluor. 







Benzoazurin G 

Black. 

Colourless. 

Black. 

Blue. 

Dark 

red. 

Pink. 

Azo Blue 

Black. 

Colourless. 

Black. 

Blue. 

Red. 

Pink. 

Soluble Blue 


Blue. 

Red- 

brown. 

Red- 

brown. 

Red- 

brown. 


Spirit Blue 

Green. 

Brown, 

Red- 

brown. 

Red- 

brown. 

Brick- 

red. 


Alkali Blue 3 B.. . . . . . 

Blue. 

Colourless. 

Red- 

brown. 

Red- 

brown. 

Decol- 

ourised. 


Victoria Blue 

Black. 

Red. 

Black. 

Orange. 

Brown. 

Colourless, 


Violet. 





Violet de- 
colour. by 
Zn dust. 

! 

■ 



Basle Blue 

Grey. 

1 Yellow. 

1 YeUow. ! 

YeUow. 1 

Darker. 



; Brown, 


Brown, 


No 

change. 






Vat Indigo Blue 

No 

i change. 



Blue, 

No 1 
change. 



i 


Indigo Carmine 

No 

change. 

Bluish. 


Violet. 

Green- 
ish. 1 

Brown. 

Logwood Blue 

Red. 

Red. 

i AsHCl. 

1 AsHCl. 

Purple. 

Purple. 

Prussian Blue 

No 

action. 


No action. 


Brown. 




i 


Ultramarine Blue. . . . 

Decol- ' 
ourized. | 


; Decolour- 
1 ised. 


No 

action. 





New Blue 

Purple. 1 


Gray. 

Gray, 

! 

1 Violet. 

1 

Pink. 

Naphthalene Blue G ■ . 

Violet, j 

Orange. 

Black. 

Brown. 

Brown. 

Orange. 

Nile Blue 

Yellow, j 

Yellow. 

Red. 

Red. 

Red. 

Pink. 

Alizarin Blue 

Violet. 

Orange. 

Violet 
; . with di- 
lution. 

Red with 
dilution. 

Green- 

ish. 


Methylene Blue 

DecoL 1 
ouriscd. | 

Blue-green. 

Green. 

Green, 

Violet. 


Alizarin Cyanin R. . . . 

Redder. 

Blue. 

Violet. 

Violet. 

Greener. 


Alizarin Indigo Blue. . 

Darker. 

Pink. 

Darker. 

Violet. 

Greener. 

Colourless. 

Toluidine Blue 

No 

change. 

Blue. 

Olive. 

Greenish, 

Crimson 
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III. BLUE COLOURS.~C<wi»nw6(i. 


" Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre | 

Solution 


Blue, red 
iluor. 





Dark violet. 

Red. 


Decolourised 

slowly. 

Boiling soap solution- 
blue. 


Dark violet. 

Red, ' 


Decolourised. 

Picric acid — brown. 



Decolourised. 


Green, 

Colour extract. 



Decolourised. 




HNOa — black spot. 




Decolourised. 


i 

No change. | 

HNO 2 — light green. 


i 

Green. 

Colourless. 

Brown. | Dark blue. | 



As NaOH. 

Dark green, j 

1 

' Violet solution. 

Induline NN not changed 
by CaCXllj. 


No change. 


Black. 

No change. 



No change. 



Decolourised. 

Boiled with olive oil — 
colour extracted. 

i 


No change. , 


YeUow. 

Paler; solution 
yellow. 

Chloroform extracts col- 
our. • 


AsNaOH. 

As NaOH. 

Yellow. 

Decolourised, . 

Boiling dil. NatCOa — col- 
our extracted. 

Purple. 

Purple. 


Brown. 



No action. 


Green. 

No action. 

Ash contains Fe. 


No action. 

■ 

Decolourised. 

Blue ash. 



Violet. 

Pink. 


Green, then de- 
colourised. 



Violet. 

Brown. 


Decolourised. 

HCl gas — brown. 


Violet. 


Green, yel- 
low nm. 

Decolourised. 



No action. 


Yellow, 

turning 

brown. 

Violet, red on 
heating. 

Ash contains Cr. 


No action. 


Green. 

Decolourised. 

CaOCli — decolou rised. 




Green. 

Redder. 




Greener. 


Yellow, 

violet 

rim. 






Olive. 

Decolourised. 
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ANALYSIS OF COLOURING MATERULS, 


DyestuS 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Thiocarmin R. 

Green. 

Green, 

Green. 

Green. 

Darker. 


Alkali Blue 4 B 

Redder. 

Light 

green. 

Red. 

Red. 

Brown. 



Yellow. 


Yellow. 


Olive. 






Chrome Blue 

Crimson 

Pink, 

Crimson, 

Maroon. 



Patent Blue 

Amber. 

Yellow. 

Yellow. 


Green. 

Blue. 

Pure Soluble Blue .... 

Bright- 

er. 

Light 

blue. 

Red. 

Red. 

Red. 


Neutral Blue 

Orange. 

Yellow. 

Orange, 

Yellow. 

Lighter. 


Victoria Blue B 

Red. 

Red. 

Red. 

Red, 

Maroon. 

Colourless. 


Darker. 

Blue. 

Dark 

green. 


Redder. 







Blue. 

Grey. 


Duller. 


' 




Indamine Blue B 

Darker. 

Blue. 

Darker, 

Blue. 

Purple. 


Indoin Blue 

Green. 

Slate. 

Olive. 

Olive. 

Violet, j Pink. 

Paraphenylene Blue... 

Darker. 

Blue. 

Darker. 

Blue. 

Purple. 


Benzo Black Blue 

Greener. 

Colourless. 

1 ! 

Green. 

i 

Blue. 

Darker. 

Colourless. 

Night Blue 

Red. 

Red. 

Red. 

, Red. 1 

Brown. 



Napbthylene Blue R. 

Dark 1 
blue. 


Dark blue. 


Brown. 


j 



Diamine Blue BX .... 

Violet. 

Colourless. 

Green- 

blue. 

Blue. 1 

Violet. 

Colourless. 

Diamine Blue 3 R . . . . ; 

Darker. | 

1 

Colourless. | 

Green- 

blue. 

Blue. 

Magenta. 

Pink. 

Benzoazuria No 

i change. 

1 

i 

Green- 

blue. 

Blue. 

Crimson. 

Pink. 

Brilliant Azurin 5 G.. 

No 

change, j 

Blue- 

green. 

Light 

green. 

Violet, 

Colourless. 

Benzoasurin 3G 

Darker. ! Colourless. 

i 

Green- 

blue. 

Blue. 

Violet. 

Pink. 

Diamine Blue 6 G . . . . 

No 

change. 


Olive- 

grey- 

t 

Colourless, 

Benzo Black BlueG.. 

No 

change. 


Green, 


No 

change. 






Sulpbonazurin 

Violet. 

Colourless. 

Violet. 

Violet. 

No 

change. 


Bavarian Blue DSP.. 


Bluish. 

Red. 

Red. 

Red. 

Colourless. 
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Aramc 

Fibre 

mia 

Solution. 

Spot with 
nitric 
acid 

Stannous chloride 
and hy<Bo- 
chloric acid 

Remarks. 

Darker. 


Green, 

Greener. 


Decolourised. 

Blue. 

Green. 



Bright. 

Pale blue. 

Yellow. 





Yellow. 

Greener, 


No change. 

Colourless. 

Yellow. 

Yellow. 


Deccdourised. 


Green. 

No change. 


Lavender. 


Green. 

Green. 


Violet. 

Colourless. 

Green, 

Darker. 1 




Maroon. 





Green. 

! 


[ 

Green. 




Green. 

\ Greener. 


Violet. 1 

Yellow. 

j Lighter. 


No change. 

j Red. 

1 

j Decolourised. 


Grey, j 

1 

1 Red. 

i 

j Greener, 


Brown. 

1 

1 

1 j 


Violet. 

Colourless. 

Brown. 

j Decolourised. 

On cotton. 

Violet. 

Pink. 

Yellow. 

Decolourised. 

On cotton. 

Violet. 

Pink. 

Brown. 

Decolourised. 

On cotton. 

Violet. 

Colourless. 

Crimson. 

Decolourised. 

On cotton. 

Violet 

Pink. 

Orange. 

Decolourised. 

On cotton. 

No change. 


Yellow. 

i 

Violet. 

On cotton. 

No change. 


Red. 

Decolourised. 

On cotton. 

No change. 


Yellow. 

Decoloruised. 

On cotton. 

Decolourised. 

Colourless. 

Green. 

Decolourised. 
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ANALYSIS or 


DyestuS 


Hydrochloric acid 
Fibre Solution 


Wool Blue S. 


Yellow. Colourless. 


Naphthyl Blue Redder 

Capri Blue NO Violet, j Violet. 

GaUamiae Blue j Violet. 

Axophenine Blue ; Blue. 

R and G. | 

Heligoland Blue Redder. 

B. 

Ketone Blue B Yellow. ; *. 

Diamine Sky Blue Darker. ! 

FF. i 


Diamine New 
Blue G. 

Diamine Brilliant 
Blue G. 

Brilliant Azurine. 

B. change, i 

Acid Alizarin Blue No i 

BB. change. ' 

Diaminogene No 

extra. change. 

Alizarin Blue | Blue. 


Diamine Dark ' 

Blue B. 

Darker. 

Diaminogene Blue 

Greener. 

G. 


Keton Bluee BN 

Yellow. 

Diamine Azo Blue 

No 1 

R. 

change. 

BrillLant Alizarin 

Drab. 


Cyanine 3 G. | 

No Pale 

change. green. 


} No 

I change. 

Anthracene Blue Violet, 


Titan Ingrain 
Blue. 

Titan Como SN 


Violet. 

Darker. 

No 


swx. 


MATERIALS. 



Violet. 

Yellow 



Brown. 


Bluel 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Decolour. 


YeUow. 

Decolourised. 



. Green blue. 

Colourless. 

Violet. 

No action. 


No action. 


Green. 

Decolourised. 




Violet. 

Orange. 

Yellow. 



Redder. 


Violet. 

Lighter. 



Violet. 


Orange. 

Decolourised. 

On cotton. 


No change. 


YeUow, 

Green. 



Darker. 

Blue. 

Red violet. 

Decolourised. 

On cotton. 

No cbange, 


Violet. 

1 Decolourised, 1 On cotton, 

1 ! 



^ Violet. 

! 

Violet. 

Decolourised. 

On cotton. 



i Violet. 

Red. 

Decolourised. 

On cotton. 


Bluer. 


Violet. 






j Brown. 

Violet. 

On cotton, diaz. and 
developed. 


1 



1 Violet. 

Dark green. 



i 



Crimson. 

Decolourised. 



i 


I Red. 

Decolourised. 

Diaz, and developed with 
betanaphtho). 

j ■ ‘ 


YellOTS'. 

Green. 




1 


i Crimson. 

! 

Violet. 

Diaz, and developed. 

i 


1 Drab. 

Yellow. 



i' 



Crimson. 

Grey. 

Diaz, and developed. 





Green. 

No change- 







Brown. 

Violet. 
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ANALYSIS OF COLOUMNG MATERIALS. 


Dyestuff 

Hydrcxihloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Coomassie Navy 
bluelL 

No 

change. 


Green, 


Violet. 





Paramine Navy 
Blue 2 R. 

Redder. 



Blue. 


Violet. 




Paramine Blue B. 

Redder. 



Indigo 

Blue. 


Violet. 




Lanacyl Blue BB. 

Maroon. 



Green. 

Red. 





Lanacyl Navy 

Blue B. 

No 

change, 



Bluish- 

green. 


Violet. 




Bnlliapt Aliaarin 
Cyanine 3 G. 

Drab. Blue- 
violet on 
dilution. 


Light 
brown. 
Blue on 
dilution. 


Greener. 

Light 

blue. 



Paramine Indigo 
Blue. 

Redder. 



Greenish - 
blue. Blu- 
i ish -violet 
jon dilution. 

1 

Violet. 

Bluish-red, 



Diamine Deep Blue 

B. 

Brighter. 


Greenish- 
blue. Red- 
dish-blue 
on dilu- 
tion. j 


Darker 

and 

brighter. 


i 



Naphtindone BB. . . 

Green. 
Blue on 
dilution. 


Dirty olive. 


Dark 

violet. 



Violet on ; 
dilution. . 

! 



Janui Blue R ... 

Bluish- 
ween. 
Blue 07 J 
dilution. 


Olive- 
brown. 
Violet on 
dilution. 


Blue. 



j 



Nenr Patent Blue B . j 

i Almost de- 
colourised. 
Bright 
green on 
dilution. 


Light olive 
yellow. 
Green on 
dilution. 


Greener. 
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Ammonia j 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Crimson. 

Decolourised. 






Crimson. 

Decolourised. 






Crimson. 

Decolourised. 






Crimson. 

Decolourised. 






Crimson, j 

Pale green. 

i 

1 


' 




Drab, 

i 

Vellow. 

1 

Dyes wool in an acid bath 
without chrome (reac- 
tions). Past to light, etc. 



i i 

Violet to 
crimson. 

i Slowlv . , i\ew colour for cotton. 



decolounsed. 

Easily discharged with 
Zn powder and soda bi- 
sulphite Of tin crystals. 



Red. Brown- 
ish on dilu- 
tion. 

Slowly j 

decolourised. 

New direct cotton colour. 
Easily dischargeable with 
tin crystals and Zn dust. 



BriRht green. 
Bluer on 
dilution. 

Decolourised. 

Blue basic dyestufi. Well 
adapted for printing all 
kinds of cotton or linen 
fabrics. 





Yellowish- 
green- 
Grcen on 
dilution. 

Decolourised. 

Dyed on union lining. 





Lemon- 

yellow. 

Light yellow. 

New wool dyestuff. 
Ladies’ dress goods and 
6ne yams. Useful for dy- 
ing silk, leather, feathers, 
paper and ink making. 
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Dyestufi 

Hydrochloric acid 

1 Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Intensive Blue 

Yellowish- 
brown. 
Dark blue 
on dilu- 
tion. 


Orange- 
brown. 
Bluish-vio- 
let on di- 
lution, ' 

Kuish- 
violet on 
dilution. 

1 

Slightly 

bluer. 


BriUiant Cresyl Blue^ 

Dull -red- 
dish-brown. 
Dark green- 
ish-blue on 
dilution. 


Dark green 


, Reddish- 
brown. 

■ 




Lazuline Blue R.. . . 

Bright 
bluish-vio- 
let. Restor- 
ed on di- 
lution. 


Bright 
green. 
Bright 
blue on 
dilation. ' 


Reddish- 

blue. 

- ■ 






Little 

change. 


Darker ' 
and green- j 
er, gradu- 
ally fading. 
Pink on | 
dilution. 


1 Purple. 

1 

! 






Diazo Indi^ Blue. . 

Darker. 
Redder on 
dilution. 


: Dark 
purple. 


Darker. 

1 





I mmedial Indogene' 
BCL. j 

No change. 

Colourless.. 

' 

Bluish- ' 
j violet. 

Bluish- 

violet. 

1 No 

1 change. 

1 

Colourless. 

Immedud Direct; 
Blue BB. j 

Bluish- 

violet, 

[ Colourless. 

i 

Brown. 

1 

Vi(rfet. 

Violet. 

' 

Colourless. 

Diamine Bengal Blue No change. 
G. 

Colourless, i 

Violet. 

Vicrfet. 

Violet. 

1 

Violet. 

Colourless. 

Oxamine Pure Blue Violet. 

6 B. j 

Colourless. 1 

No change.] 

Colourless. 

Bluer. 1 

Brilliant Acid Blue Yellow. 
PP. j 

1 < 

Yellow. 

YeUow. 

YeUow. 

Blue. 1 

Light 

blue. 

Alizarin Cyanol B. . . Claret, j Claret. 1 

i ! I 

Red. 1 

Purplish- 

red. 

, Blue. 

Bluish. 

Oxy Chrome Blue B. Bluer, i 

; 1 

Colourless, j 

Maroon. 

Greenish. 

Violet. 

Violet. 

Tfaiogene Blue JL. . . ' Blue. i 

i j 

Colourless. Brown, j 

i I 

Brownish. 

Light 

blue. 

Light 

blue 

Victoria Navy Blue Red. ! 
LH. 1 

j { 

Reddish. 

Brown. 

Brownish. 

Blue. 

Bluish. 

Alizarin Direct Blue-Olivegreen.* Greenish* 
EB. ^ ' j j yellow. 

No 

change. 

Colourless. 

Darker. 

j Blue. 

i 

AntbracyanineaGL.’ Yellow. | Yellow. 

Little 

chMge. 

YeUow. 

Little 

change. 

Blue 
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Ammonia | 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Dirty yel- 
lowish-olive. 
Yellow on 
dilution. 

Dark green. 

Homogeneous dyestuff for 
wool dyeing. Can be 
used for shoddy, and 
silk printing. 





Orange, 
Greenish- 
yellow on 
dilution. 

Decolourised, 

Basic dyestuff. Dyed on 
mordanted cotton with 
tannic acid and tartar 
emetic. 





Yellow, 

No change. 

Acid Colour. 





Light brown. 

Decolour- 
' ised on di- 
' lution. 

Turns slowly to 
dull violet. 

Belongs to a new group 
of colouring matters. 





Darlcred. 

Greener. Then 
slowly 

decolounsed. 

Direct dyeing and diazo- 
tisable colour for cotton. 



. 1 i 

Violet. 

Decolourised on 
boiling. 

Sulphide dye. For all 
branches of cotton and 
for producing resist styles. 


i 



Violet. 

Decolourised on 
boiling. Solu- 
tion colourless. 

Sulphide dye for cotton. 



1 

Reddish- 

brown. 

Decolourised on 
boiling. 

Direct cotton. For cotton 
and unions. 

f 

' 

Violet. 

Decolourised on 
boiling. 

Direct cotton. 

j 



Yellow. 

Yellow on boiling. 
Solution yellow. 

Acid dyestuff. Loose wool, 
yam and piece goods, etc. 
Exhausts well in Glauber’s 
salt bath. 





Brown. 

Yellow on boiling. 
Solution yellowish. 

Even dyeing bright blue. 
Fast against light. 




i 

Reddish- 

yellow. 

Decolourised on 
boiling. 

Acid mordant dye for wool. 


1 



Violet, 

Decolourised on 
filing. 

Sulphide dye for cotton. 





Green, 

Green on boiling. 
Solution yellow. 

Acid dye for dress material 
and woollen yams. 





Yeliow. 

Greenish-blue on 
boiling. Solution 
brown. 

Acid dye. Fast against 
alkali, perspiration and 
light. 





YeUow. 

Becomes greener 
on boiling. 

Acid dye. Dress goods, 
carpet yams, etc. 
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ANALYSIS OF COLOURING MATERULS. 


Dyestuff 

1 Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Thiogene New 
Blue BL 

Darker in 
shade. 

Colourless. 

Dark blue. 

Dull blue. 

Lighter 
in shade. 

Blue. 

Brilliant Fast 

Blue 2 G. 

Paler and 
redder. 

Colourl^. 

Greener. 

Colourless 

A little 
redder. 

Colourless 

Triazol Pure Blue 
R. 

No change. 


Bluish - 
green. • 

Colourless. 

No 

change. 


Acid Cyanine BD. 

Darker. 

Dark blue. 

Much 

darker. 

Violet, 

Darker. 

Violet. 

Erio-Chrome Blue 
BR. 

Bluer, 

Light 

yellow. 

No change. 

Colourless. 

Lighter. 

Violet. 

Indanthrene Blue 
RC. 

No change. 

Colourless. 1 Green. 

Green, 

No 

change. 

Colourless, 

Eboli Blue a R. . . 

Dark purple. 


Dark blue. ! On dilu- 
1 tion red- 
I dish -purple 

Reddish- 

purple. 

Bleeds a 
little. 

Immedial BlueC.; No change. 


Blue. 

Little 

change. 




Alizarine Sapphi- 
roll SE. 

Light green. 


Olive. 


Little 

change. 





Dianil Dark Blue 
R- 

Reddish- 

blue, 


Light 

blue. 


Red. 






Peri Wool Blue B . 

Violet. 


Violet. 


Violet, j 





. 

Oxamine Blue G . . 1 Bluer. 


Bluer. 


No , 
change. 





Katigen Chrome j Violet. 
Blue 6 G. 1 


Violet. 


Blue. ; 

! 






Anthraquinone 

Blue 

Dark blue. 


Violet. 


No j 




change. 


Diamine Past Blue 
C. 

Redder. 


Darker and 
greener. 


! Darker 

! 





Cyanol AB 

Green. 

Colourieu.) Colour 

1 destroyed. 


Green. 

Light 
green on 
heating. 


No 

change. 


No 

change. 


1 No 
: change. 






Brioglaucine A . . . 

Bright i 

orange. | 

Pale dull 
orange. 


Slightly 

greener. 


Na^togene Blue 

change. 


No 

change. 


Redder. 






Indocyanine B . . 

Violet, 

Purple. 

Green. 

Green. 

i No 

1 change. 

Tinted 

red 
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Ammonia 

spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Violet. 

Dull yellow on 
boiling. Solution 
colourless. 

Sulphide dye for cotton. 





Pale reddish- 
brown. 

Pale bluish-red 
on warming. 

Direct cotton. Very fast 
to light. 





Pale orange- 
_ brown. 

Little change on 
boiling. 

One of the purest and 
brightest direct cotton 
blues. 





Dark red- 
dish -blue. 

Reddish-brown on 
boiling. Solution 
red. 

Acid dye for wool. 





Brown. 

Greyish-blue on 
boDing, Solution 
light yellow. 

Acid mordant dye for wool. 





Green, 

No change on 
boiling. 

Vat dyestufl for cotton. 





Dirty red- 
brown. 

Very slowly de- 
colourised. 

Substantive for all fibres. 





Violet 

solution. 

Dark brown. 

Sulphide colour. 







Acid colour (wool). 


! 

Solution 1 
green. ] 



Brown, 

Paler 

Direct cotton. Cotton or 
wool. 





Maroon. 

Violet. 

Acid dye for wool. 





Dark red. 

No change. 

Direct-dyeing cotton blue. 





Violet. 

Blue. 

Sulphide blue. 





Brown. 

When heated, first 
blue then greenish- 
grey. 

New alizarin dye. 





Decolourised. 

Decolourised on 
heating. 

Direct cotton. 





Decolourised. 

Bright yellow on 
heating. 

Cheaper brand of cyanol, 
giving duller shades. 





Yellow. 

No change. 

Artificial indigo contain- 
ing indigo red. 





Light 

yellow. 

No change. 

Acid colour. 





Little 

redder. 

Little lighter. 

Direct cotton. 





Dark browa 
Soln. dark 
purple. 

Violet. Soln. 
colourless. 

Add dye. 
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ANALYSIS OF COLOURING MATERIALS, 


DyestufE 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution- 

Fibre 

Solution 

Fibre 

Solution 

Immedial Indone R. . . 

Purple. 

Colourless.' 

Dark 

blue. 

Blue. 

Red- 
' dish- 
blue. 

Colour- 

less. 

Cyananthrol R 

Red. 

Colour- 

less. 

Violet. 

Blue. 

Little 

change. 

Colour- 

less. 

Azo Wool Blue B . . . . 

Bright 

red. 

Rose. 

Crimson. 

* Crimson. 

i 

1 

Lighter. 

i 

i 

Brown. 

Formyl Blue B , . . . . . 

Yellq^. 

Pale 

yellow. 

Dull 

orange. 

i Yellow. 

i Blue- 
grey. 

j 

Colour- 

less. 

Acid Alizarin Dark . . . 
Blue SN. 

No 

action. 


No 

action. 


1 No 
action. 

1 




i 

Sulphur Blue L extra. 

Reddish- 

purple. 

Colour- 

less. 

1 Dark 
blue. 

Blue. 

1 No 
action, 

i 

i 

Thio^ne Dark Blue. 

1 

Purplish- 

brown. 

Colour- 

less. 

i Blue. 

Blue. 

Little 

1 change. 

Colour- 

less. 

Triazol Blue R 

No 

change. 1 


Green. 

Green. 

1 Slightly 
redder. 

Colour- 

less. 

Xylene Blue BS 

Bright 

yellow. 

Pale 

yellow. 

Yellowish- 

'Orange. 

Colour- 

less. 

. Little 

1 lighter. 

Pale 

blue. 

Pyrogene Indico 

Un- 

changed. 

Colour- 

less. 

Blue. 

Dark 

blue. 

Un- 

changed 

Colour- 

less. 

Diaminogene Blue 
NA. 

Darker. 

Colour- 

less. 

Nearly 

black. 

Blue. 

Darker. 

Colour- 

less. 

Acetylene Sky Blue. 

No 

change. 


Pale 

blue. 

Bluish- 

green. 

; Decol- 
ourised. 

Blue. 

I^minogene Sky Blue 

Brighter 

blue. 

Colourlen. 

SlaU. 

Colour- 

less. 

1 No 
change. 


Benzyl Blue S. 

Orange. 

Yellow. 

Yellow. 

Yellow. 

Gray. 

Colour- 

less 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Reddish- 
purple. 
Red solu- 
tion. 

Decolourised. 

Sulphur colour. 





YeUow. 

Solution 

yellow. 

Little change. 
Purple solution. 

Easily soluble. Blue aliza- 
rin dyestuff. 





Yellow. 

Solution 

yellow. 

On warming, 
green. 

Solution colour- 
less. 

Acid dyestuff. 





Lemon- 
yellow. 
Solution yel- 
low. 

On warming, blue- 
green. Solution 
yellowish -green. 

Acid dye. 





Dark olive. 

Solution 
pale violet. 

Blue, Solution 
pale violet. 

Acid mordant. 





Redder. 

Solution 

purple. 

Purple. 

Solution colour- 
less. 

Sulphur dye. 




Fibre and 
solution 
amethyst 
colour. 

On boiling, decol- 
ourised to green- 
ish-pey, 
Soln. colourless. 

Sulphur dye. Fast to 
sizing, washing, light, etc. 

! 

I 


Fibre and 
solution pale 
red tint. 

No change 
on boiling. 

Direct cotton dyestuff. 
Can be diazotisra and 
developed, with naphthol 
giving bright indigoshade. 



, 

YeUow. 
Soln. pale 
yellow. 

Bright green 
on warming. 

Bright blue wool dye. 
White cotton effects re- 
mained unstained. Suit- 
able for shading chrome 
colours. 




Blue. 

Solution 

blue. 

Y ellowish-green 
on warming. 

Sulphide dyestuff for cot- 
on. Brighter and faster 
than vat indigo. 




Purplish. 

Solution 

colourless. 

Bluish-purple 
on boiling. 

Diazotisable direct cotton, 
Suitable for dyeing warps. 




Bleached. 
Solution red. 

Decolourised on 
warming. 

Direct cotton dyestuff. 
When dyed on union 
materials the vegetable 
fibres dye up much more 
than the animal fibres. 





Pale red. 
Solution 
colourless. 

Reddish-blue 
on warming. 

Diazotisable direct cotton. 
Suitable for warp dyeing. 





Yellow. 
Solution yel- 
low. 

Blue. Solution 
green on warm- 
ing. 

Dyes very level Strong 
colouring power. Stands 
hot pressing. Suitable for 
self shades or mixtures. 

• 
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ANALYSIS OF COLOURING MATERIALS. 


Dyestuff 

1 

1 Hydrochloric acid 

Sulphuric acid j 

1 Sodium dydroxide 

1 Fibre 

Solution 1 

i 

Fibre 

1 

Solution 

Fibre 

Solution 

Navy Blue BW 

j Crim- 
1 son. 

Pale 1 
red. 

1 

Greenish- 

blue. 

Purple. 

Dark 
maroon. { 

1 

Colour- 

less. 

Victoria Pure Blue B . 

: Colour 
j de- 
! stroyed. 

Colour- 

less. 

Colour 
destroyed. ! 

Dull ' 
yellow. 

Pale ' 
dull 1 
blue. 

Colour- 

less. 

Acetylene Pure Blue. No 

; change. 

! 1 

No 

change. 

j 

Bright 

blue. 

Violet. 1 

Pale 

Violet. 

Marinol Acid Blue R. . ; Nut 
i brown. 

1 

1 

Colourless 
! then 1 

bright red. i 

Gradually i 
! to dull 1 
1 purple. 1 

Colour- 
less. i 

Bluish- ‘ 
green. ; 

Pale blu- 
ish-green. 

Titan Como TG No 

i change, j | 

1 Grey, then 

1 maroon. 

! 

Colour- 

less. 

Dull 

purple. 

Colour- 

less. 

•Palatine Chrome Blue No 

B. 1 change. 

! Dull blue. 

1 Pale blue. : 

1 

No 

change. 


Melanthrene B ; Little ! Colour- 1 

change. | less. 

j Olive. 

Colour- 

less. 

No 

change. 

— 

Diazo Marine BlueG. Reddish-- Colour- 
i blue. I less. 

^ i ^ 

1 Deep 

1 bright 
i blue. 

Deep 

bright 

blue. 

No 

change. 

Jndochromine R. R. . . 

Pale blu- i Colour- 
! ish- less. 

[ green. \ 

Bright 

yellowish- 

green. 

1 Colour- 
1 less. 

! 

No j 

change.* 

i 

Wool Past Blue BL . , 

No 

change. ' 

1 

j 

Bluish- 

green. 

Pale 

green. 

f Bluish- ! Colour- 
l crimson.! less. 

! 

Sulphur ladigo B j 

i 

^ No j 
. change, j 

■ i 


Much ' 
deeper. 

Colour- 

leas. 

No 

change. 


Toluylene Dark Blue 
GN. 

No 

change. 


Little 
change. | 

Reddish- 

grey. 

No i 
change. 


ImmedialNew BlueG. j 

i 

Bluish- 
violet. ; 

1 

Colour- 

less. 

Dark vio- i 
let-blue. ' 

! 

Colour- 

less. 

1 

No 

change. 


Anthracene Acid Blue’ Violet, 

J R. 1 

Purple. 1 

1 

1 Duller 
and redder. 

I Colourless. 

No 

change. 


Chlorazot Brilliant Turns ‘Colourless.* 
Blue la B. i redder. | I 

i i ; 

Dull 

greenish- 

black. 

1 

Pale grey, j 

1 

j Dull i 
reddish- 
blue. \ 

1 Colourless, 
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Ammonia | 

Spot with 
nitric 
acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

Pibr« 

Solution 

j 


Vellowish- 
brown, Soln. 
orange. 

Green on warm- 
ing. 

Suitable for dress goods. 
Strong covering power. 





Pale yellow. 
Soln. pale 
yellow. 

Colour destroyed. 
Solution colour- 
less. 

Basic dye. Giving a bright- 
er shade than Victoria 
blue B. 





Fibre and 
solution 
purple. 

Nearly decolour- 
ised. Solution 
colourless. 

Bright sky blue direct 
cotton dye. In 1/2 wool, 
the cotton is dyeds tronger. 





Gradually 
from bright 
red to yel- 
low. Soln. 
pale yellow. 

On boiling, 
bright blue. 
Solution pale 
dull yellow. 

Easy level acid dye. Cot- 
ton and ramie remain 
white. 





Bluish -green. 
Solution 
colourless. 

On warming, a 
little paler. Soln. 
colourless. 

Substantive cotton dye- 
stuff of exceptional bright- 
ness. 





Fibre and 
! solution 
[ pale olive. 

On warming red- 
dish-blue. Solu- 
tion pale blue. 

Acid mordant dye giving 
dark shades on wool. 





Dull yellow. 
Solution 
colourless. 

No change. 

Alizarin dyestuff. Greyish- 
black paste insoluble in 
water. 


j 

i 


Fibre and 
solution pale 
crimson. 

On warming a 
little paler and 
bluer. Solution 
colourless. 

Direct cotton dye. Capa- 
ble of development with 
phenols or amines. 





Bright yel- 
lowish- 
green. Soln. 
colourless. 

On warming i 
decolourised. 

Dyestuff which is suitable 
for printing cotton. 





Deep dull 
purple. So- 
lution purple. 

Little change. 

Acid dye. Cotton effects 
remained unstained. 





Deep dull 
reddish- blue. 
Soln. colour- 
less. 

On warming. 
Pale dull yellow. 

Sulphide dyestuff. Fast 
to light, washing, etc. 


i 

i 



Dark purp- 
lish-^ey. 
Solution 
colourless. 

On warming 
colour slighUy 
reduced. 

Direct cotton dyestuff. 
Capable of being diazo- 
tised and developed and 
can then be used for cross 
dyeing. 





On warming, 
dull lemon-yd- 
low. 

Sulphide dye for cotton. 



I purple. Soln 
j colourless. 



Orange 
brown. 
Solution col- 
ourless. 

On warming de- 
colourised. 

An acid mordant dyestuff. 
Can be applied as a mor- 
^nt dye. 





. 1 Darker and 
duller. Soln, 
j pale blue. 

! 

No change. 

Direct cotton dye. Bright 
sky blue on cotton ma- 
terials. Does not become 
redder on fading. 
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ANALYSIS OF COLOURING MATERIALS, 


Dyestufi 

1 Hydrochloiic acid 

i Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Chrome Past Blue FR. 

Violet. 1 

j 

Colourless. 

Deeper 
and rwder. 

Violet- 

blue, 

i 

, Brighter 
and 
bluer. 

Colourless. 

Brilliant Alizarin Blue 
3 R. 

Dark 1 
slate. 

Colourless. 

i 

Dull 

, bluish- 
green. 

Colburless. 

1 

No 

change. 


Thioxine Indigo Blue' 
B. 

Dark 

blue. 

Blue. 

Dark blue. 

Blue. 

1 

Violet. 

Violet. 

Thioxine Dark Blue B. 

Dark 

blue. 

1 Blue- 1 

i Dark blue. 

1 Blue. 

, Violet. 1 

Violet. 

Thional Blue 2 B. 

1 No 
change. 

Colourless. 

No change. 

i Colourless. 

i 

1 No 

1 change. 

Colourless. 

Brilliant Anthruurol 
G. 

1 Salmon. 

Faint 
i yellow. 

Salmon. 

Faint 

yellow. 

1 j 

Little 

1 change. 

Light blue. 


n. VIOLET COLOURS, 


Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

! Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Gallein l Brown- 

: red. 

Amber- 

yellow. 

Like HCl. 

Like HCl. 

Paler. 


Past Violet ! Dark 

i blue. 

Blue. 

Black. 

Blue. 

Black, 

Violet. 

Azo-Violet. 1 Black. 

Colourless. 

Black. 

Green. 

Crimson 

Colourless. 

Hessian Violet. 

Dark 

blue. 

Colourless. 

Dark blue. 

Black. 

Redder. 

Colourless. 



Blue. 

Blue- 

blMk. 

Blue. 

Crimson. 

Colourless. 


fBm 

Amber. 

Brown, 

Amber. 

Decol. 


Phenyl Violet or 
Spirit Violet. 

Dark 

green. 

Brown. 

1 Brown. 

Brown. 

1 Decol. 


Benzyl Violet 

Brown. 

Amber. 

! Brown. 

Amber. 

! Decol. 


Acid Violet 7 B 


Amber. 

i Blackish. 

Red. 

1 Decol. 

Colourless. 

Perkin’s Violet 

No 

change. 

Pink. 

1 No change. 


j Blue, 


Gallocyanm 




Blue. 

BUck. 

Violet. 

Muscarin 

Black. 

Blue. 

Black, 

Green. 

Black. 

Colourless. 

Alkaris 

YeUow. 

Yellow. 

Yellow. 

YeUow. 

1 Bluer. 
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Ammonia 

Spot with 
nitric acid 

Stannous 
chloride and 
hydrochloric 
acid 

Remarks 

Fibra 

Solution 



Pale dull 
reddish' 
brown. Soln. 
colourless. 

Decolourised on 
warming. 

Suitable for discharging 
with hyraldite. 





Olive-green 
then old 
gold. Soln. 

1 colourless. 

Dull yellow on 
warming. 

Especially suitable for dye- 
ing fast shades on slab- 
bing, loose woo], yarns, 
and piece goods. 





Reddish- 
blue. Solu- 
tion red. 

Decolourised on 
l^ing. ^lu- , 
tion colourless, i 

Sulphide dye. 





Red. Solu- 
tion red. 

Decolourised on 
boiling. Elu- 
tion colourless. 

Sulphide dye. 





1 Dark blue. 

I Solution 

1 light red. 

Brown on boil- 
ing. Solution 
colourless. 

Sulphide dye. 


i 


Olive. 

Yellow on boil- 
ing. Solution 
yellow. 

Easily levelling acid dye- 
stuff. 

i 


II. VIOLET COLOURS.-C<w/mwcd. 


Ammonia 

Fibre | Solution 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Paler. 


YeUow. 

Crimson, 

Ash contains Cr. 

Mo change. 

Violet, 

Black. 

Decolourised. 


Violet. 

Magenta. 

Red. 

Decolourised, 

Picric acid — ^black. 

Redder. 

Violet. 

Blue rim. 

Blue then de- 
colourised. 


Mo change. 



Decolourised. 

Picric acid— dark brown. 

Lilac. 



Green. 


Decolourised. 


Green. 

Decolourised 

slowly. 


Lavender. 



Green. 


Decolour. 

Colourless. 

Olive. 

Green. 


Mo change. 


No change. 

Brown. 


Black. 

Violet. 


Grey. 



Blue. 

Violet. 

Black. 

Grey. 


No change. ’ 

T- 

i ..i Yellow. 

i . 
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ANALYSIS OF COLOURING MATERIALS- 


Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Acid Violet BB., 

Yellow. 


Yellow. 

Yellow. 

Decolour 


Acid Violet 6 B 

Orange, 

Yellow. 

Orange. 

Y ellow. 

Decolour 


Acid Violet 4 BN 

Yellow. 

Yellow, 

Yellow. 


Decolour 


Acid Violet 4 RS 

Decol- 

ourised. 


Yellow. 

Yellow. 

Decolour 


Alkali Violet 

Orange. 

Yellow. 

Orange. 

Yellow. 

Decolour 





Crimson. 

Crimson. 









Blue. 


Blue. 


Redder. 






Past Acid Violet 10 B. 

Green. 


Green. 








Formyl Violet 4 BS. 

Yellow. 

Yellow. 

Yellow. 

Yellow. 

Decolour 


Chrome Violet 

Crimson. 

Pink. 

Yellow, 

Yellow. 

Lighter. 


Crystal Violet 6B. , . , ; Orange. 

i 

Yellow. 

Orange. 

Yellow, 

Lighter. 

Colourless. 

Methyl Violet 6 B. . . . Orange. 

Y ellow. 

Orange. 

Yellow. 

Lighter. 

Colourless. 

Ethyl Purple Orange. 

Yellow. 

Orange. 

Yellow. 

Bluer. 


Regina Violet ’ Grey. 

Brown. 

Brown, 

Brown. 

Decolour 


Heliotrope 2 B Bluer, j Colourless. 

Violet. 

Violet. 

Crimson.! 

Pink. 

Diamine Violet N . . . . Blue. 

1 

Colourless. 

Blue. 

Blue. 

Redder. 

Colourless. 

Congo Violet ; Bluer. 


Bluer, j 

1 Violet. ' 

Red. 

Colourless. 



Green. | 


1 Grey. 






Congo Corinth B 

Blue. 

Colourless. 

Blue. 

Colourless. 

i 

Red. 

Colourless. 

Red Violet 4 RS; 

Redder. 

Violet. 

Dark red. 


Decol- 

ourised. 

Colourless, 

Past Bluish-Violet. ... Blue, 

Colourless, 

Green. 

Green. 

Bluer. 

Violet. 

Victoria Violet Redder. 

Rose. 

Bluer. 

Violet. 

Red. 

Colourless. 

Hofmann's Violets. . -i Yellow. 

Colourless. 

Yellow. 


Decol- 

ourised. 


Regina Purple ■ Brown. 

Colourless. 

Brown, 

Colourless. 

Decolour 


Benzo Fast Heliotrope Grey. 

2 RL. i 

! 

Y ellow. 

Pale blue. 

Colourless. 

Violet. 

Colour- 

less. 

Indanthrene Violet R No 
extra. ; change. 

Colour- 

less 

Little 

change. 

Colour- 

less. 

Redder. 

Colour- 

less, 










GENERAL REACTIONS OF DYED FIBRES, 


607 


Ammonia | 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 1 

Decolour. 


Yellow. 

Bluer. 


Lighter. 


.Yellow. 

Green, 


Decolour. 


Yellow. 

Green. 


Decolour. 


Yellow. 

No change. 


Decolour. 


Yellow. 

Green. 




Brown. 

Brighter. 


Redder. 



Decolourised. 



Blue. 

Green. 



Lighter, 


Yellow, 

Green. 


Lighter. 


Yellow; 





red rim. 



Lighter, 

Colourless, 

Yellow. 

Green. 


Lighter. 

Colourless. 

Yellow. 

Blue. 


Bluer, 



Yellow. 

Green. j 

Decolour. 


Yellow. 

Bluer. 


No change. 


Orange. 

Decolourised. 


Redder. 

Colourless. 

Brown. 

Decolourised. 


Paler. 

Red. 

Brown, 

Decolourised. 


No change. 


Red. 

Redder. 


Red. 

Rose. 

Blue. 

Decolourised. 


Decolourised. 

Colourless. 

Dark red. 

No change. 


Paler. 

Violet, 

Scarlet. 

Decolourised. 


Red. 

Colourless. 

Orange. 

Decolourised. 


Paler. 


Yellow. 

Yellow, 


Decolour. 

Colourless. 

Yellow. 

Brown, 





Violet. 

Decolourised on 

Bright dirKt cotton. 




boiling. Solutior 

Extremely fast 




colourless. 

to light. 



No change. 

Red on boiling. 

Vat dyestuff for cotton. 




Solution colour- 

Good fastness. 




less. 
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ANALYSIS or COLOURING MATERIALS. 


Dyestuff j 

Hydrochloric acid j 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Ciba Violet B 

Decol- 

ouri^. 

Colour- 

less. 

Bluish- 
1 green. 


Bluer. 

Colour- 

less. 

Ciba Heliotrope B 

No 

change, i 

Colour- 

less. 

Dark 

brown. 

Dark 

I brown. 

1 No 
change. 

Colour- 

less. 

Ethyl Acid Violet .... 
S4 B. 

Bluish- 

red. 

Red. 

B^i^ht 

Red. 

1 Orange. 

Orange. 

Oxy-chrome Vio- .... 
let R. 

Crimson 

Pale 

crimson. 

Crimson. 

Pale 

crimson. 

Crim- 

son. 

Crimson. 

Alizarin Cyanol .... 
Violet R. 

No ! 
change. 

1 

Colour- 

less. 

Dark 

blue. 

Dark 

blue. 

Light 
in shade. 

1 

Blue. 

Immedial Indone .... 
Violet B. 

Violet. 

Colour- 

less. 

1 Violet. 

Violet. 

No ' 
change. 

Colour- 

less. 

Violanttrene C. D. . . 

1 No ; 
1 change. 


Grey. 

Colour- 

less. 

No 

change. 


Triast^ Violet B 1 

N. 

1 Dark 

1 blue. 

Colour- 

less. 

Darker. ' 

Colour- 

less. 

Dark ^ 
violet. 

Violet 

tint. 

Erie Chrome Vio- .... 
let 3 B. 

1 

Maroon. ; 

Pink. 

Red. 

Dark I 

red. 

Violet. 

Pink. 

Oxamine Violet ' 

No 


; Redder, 


No 

change. 


i 

change, i 


i 


BenzoPast Violet. . . . 
R. 

I Slightly : 
1 redder. 


Bright 

1 purpTish- 
i red. 


1 Slightly 
lighter. 


i 





j Blue. 


No 

change. 


let R. i 

1 

j 



Columbia Violet . , , . 1 

R. ■ 1 

Violet. 

; j 

Blue. 


No 

change. 





Alizarin Irisol R Slightly. 

1 darker. 

i ; Uh-blue. 1 

i 

j 

Bright 
blue in 
cold. 

Blue on 
heating. 


No i 
; change, j 


Stripped, 

\ 

No 

change. 


Violet.' j 

1 

! i 


Anthracene ! Claret. 

Chrome Violet B. 

i 

C<4our- 1 Crimson. 

I 

Crimson. 

Purple. 

Colour- 

less. 

. 

Azo Wool Violet 

7R- 

Redder. 

Colour- 

less. 

No 

; change. 

i 

Pale 1 
violet. 

No 

action. 


Thiogene Rubine Purplish- 

0. 1 blue. 

i Colour- 

i less. 

, Bluish- 
purple. 

Colour- 

less. 

i 

No 

change. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre j 

Solution 

1 


Redder. 

Decolourised on 
boiling. Solution 
colourless. 

Vat dye of remarkable 
fastness. 

I 


: 

Darker. 

Decolourised on 
boiling. j 

Vat dyestuff. Great fast- 
ness. 



Orange. 

Decolourised on 
boiling. 

Level dyeing acid colour- 
ing matter. Cotton ef- 
fects remain unstained. 

i 

i 

Crimson. 

Decolourised on 
boiling. 

Acid mordant for wool. 

i 


Yellow. 

Lighter in shade 
on boiling. Solu- 
tion colourless. 1 

Wool dyestuff. Past 
, against light, 

1 1 


Stripped. 

Decolourised on ' 
boiling. 

Sulphide dye for cotton. 



j Paler. 

On wanning, 
turns redder. 

Indanthrene dyestuff. 

Fast shades on cotton. 

! ! 

i 


Red. 

Violet On boiling. 
Solution colour- 
less. 

Direct cotton dyestuff. 




' Brown. 

1 

Maroon on boil- 
ing. Solution 
violet. 

Acid mordant dyestuff for 
wool. 

1 

i 



1 Much redder.; 

! Slightly redder. 

Direct cotton (wool). 





Decolour- 

ised. 

Almost 

decolourised. 

Direct cotton. 





Decolour- 

ised. 

1 Decolourised. 

Direct cotton. 





Decolour- 

ised. 

j No change. 

Direct cotton. 




Decolour- 

ised. 

Decolourised on 
heating. 

Dyes unmordanted wool 
in an acid bath. Becomes 
r^der in gaslight. 

" 

! 

Bright red. 

No change. 

Dyes in an acid bath. An 
idizarine dyestuff. 





Crimson. 
Sola, crimson. 

Little chaqge. 
Solution 
colourless. 

Acid mordant. 





Redder and 
iiaiBjr yel- 
low. Solu- 
tion 

ecdourlen. 

Decolourised on 
boiling. 

Acid dye. 





Pale, dull 
crimson. 
Solution 
colourless. 

Turns bluer on 
warming. 

Sulphide dyestuff, giv^ 
shadrs on cotton which 
are fast to tight, acid, mill- 
ing, alkali, etc. 




VoL.V.— 39 
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Dyestuf! 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Guinea Fast Violet to 
B. 

Green 

then 

golden- 

yellow. 

Pale 

yellow. 

Olive then 
dull yel- 
low. 

Colour- ‘ 
less. ^ 

i 

No ' 
change. 



Thiogene Heliotrope 0. 

No 

change. 


Deeper 
and duller. 

Dull pur- 
ple tint. 

No 

change. 



i 

Direct Violet N 

Red- 

dish- 

blue. 

Colour- 

less. 

Deep 

blue. 

Colour- 

less. 

Turns 

redder. 

Colour- 
1 less. 


Rosanthrene Violet 5 
R. 

Bluish- 

purple. 

Colour- 

less, 

1 Blue. 

i 

i Colour- 
less. 






VI. BROWN COLOURS. 


Catechu Brown No 

i change. 

Orange. 

I No change. 


No 

change. 

j 

Bismarck Brown.... Red- i Red. 

1 dish. 1 

Reddish. 

Red. 

Yel- 
lower. ! 

Colour- 

Phenyl Brown ■ Paler. 

Brown. 



Paler. | 

j Purple. 

Benzo Brown 

' Darker. { Purple. 

i 

i Black. 

Brown. 

No 

action. 

i 

Past Brown RG 

Violet, j Violet, 

i Violet, 

! 

Violet. 

Crim- 

son. 

i Red. 

1 

Naphthylamine 

Brown. 

Yellow. 

1 Orange. 

1 ^ 

" i 



1 1 

i 



Aliiarin Brown 

j Orange.; j Orange. ! 

1 

Bluer. 

, Bluish. 

Anthracene Brown. . . 

Yellower i Yellow. 

1 1 

Redder. 

Brown. 

Black, . 

Grey. 

Peachwood * Orange, j Orange. 

; Orange. 

Yellow. 

Purple. 

! Red. 

Camwood Red, 

Orange. 

Red. 

Orange. | 

Purple. 

Purple. 

Manganese Brown...'; Decol- ! 

j ouriscd. 




No 

action. 






Past Brown . Maroon, j 

I Pink. 

1 Violet. 

Violet. 

Scarlet. 


Past Brown 

Crimson. j 

Pink. 

Bluer, 

Blue. 

Darker. 


Fast Brown t B 1 

Violet, j 

1 Violet. 

Blue. 

Purple. 

Crimson. 


Acid Brown R * Violet. | 

Violet. 

Violet. 

Violet. 

Scarlet. 


Acid Brown G ■ Darker. \ 

i Yellow. 

Purple. 

Purple. 

Darker. 


Benzo Brown B | 

1 Darker. 

Brown. 

1 Purple. 


No 

change. 


Benzo Brown G > 

! 

Dark 

brown. 

Light 

brown. 

Darker. 

Gtay. 

No 

change. 
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Ammonia | 

Spot Tvilb 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 1 

1 

i 

Olive then 
olive yellow, 
Soln. yellow 
tint. 

Bluish-green on 
warming. 1 

An acid dye for wool. It 
well retains its hue in 
■ artificial light. Cotton 
effects remain white. 

1 

j 

— 


Pale reddish- 
brown. Soln, 
pale brown. 

No change. 

A sulphide dye for cotton. 
Fast to light and washing. 





Pale reddish- 
brown. So- 
lution colour- 
1 less. 

Reddish-blue. 

Direct cotton dyestuff. 



— “ 

Purple. 

Solution 

colourless. 


‘ Capable of being diazotised 
i and developed with Naph- 
! thol. Direct cotton dye- 
' stuff. 

1 

j 



VI. BROWN COLOURS.--Con/iH«ed. 


No change, j 

Brown. 


Decolourised, i Boiling water extracts col- 
j our. 

Paler, i 

Red -brown. 


Pink. j 

No action. 

Yellower. | 

— 1- 

Crimson, 

Red. 

Black. 1 

1 

Decolourised, j 

Yellow. ; 


i 

Purple. j 

No change. 



Orange. 1 

Grey. j 

Colourless, j 

Black. j 

Yellow. j 

Purple, i 

Colourless. ' 


Bed. 

Purple. 

Colourless. 


Red. : Oo w’ool only. 

.No action. 

' 

Decolourised. , Ash contains Mn. 

Yellower, 

Brown. | 

Yellow. 

Lighter. 1 

Darker. 


Yellow. i ! 

Crimson. 

Pink, 

Orange. 

Bluer, 

Scarlet. 

Pink. 

Yellow. 

Dpcolourised. i 

Brighter, 

Brown. 

Yellow. 

No change. i 

No change. 

Brown. 

Darker. 

Lighter. | On cotton. 

No change. 

Orange. 

Darker. 

Lighter. : On cotton. 
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ANALYSIS OF COLOURING MATERIALS. 


Dy«stuS 

1 Hydrochloric acid 

j Sulphuric acid i 

i Sodium hydroxide 

1 Fibre 

Solution ' 

Fibre 

Solution 

i Fibre 

Solution 

Cloth Brown 

Violet. 

1 1 

Violet. 

I Violet, ] 

Darker. 



Violet. 

1 

Violet. 


i Crim- 
son. 



1 



Cotton Brown R No 

; change. 

Orange. i 

i 

Crimson. 

Crimson. 

No 

1 change. 


Congo Brown V 

! Violet. 

j 

Colourless. 1 

Violet. 

Violet. 

1 Crim- 
, son. 

Pink. 

Congo Brown N BR . , 

Violet. 

Colour- ; 
less, ' 

1 Blue. 

1 

Blue. 

1 Redder. 

1 

1 Colour- 
less. 

Cotton Brown A 

1 Darker. 

Colour- 
less. ' 

Dark ' 
green. 


No 

change. 


Cotton Brown N 

j Darker. 

Brown. 

Black. 

Grey. 

No 

change. 


Congo Brown G 

j Violet. 

Colour- ! 
less, i 

Violet. 1 

Violet. 1 

Crim- 

son. 

Crimson. 

Dioxin Darker. 

i 

Brown, i 

Green. 

i 

Green. 

Dark 1 
green. 


Diamine Brown V.. . , No 

j change. 

1 i 

j 

I Purple. 

Purple. 

No ! 
change'] 

Pink, 

Gambin 

1 No 
change. 


Brown. 

Brown. 

Vel- 1 
lower. ' 

Yellow, 

Hessian Brown aB — 

Drab. 


' Violet. ' 

i 


No ; 
change. ' 





Mikado Brown G 

Buff. 1 

Colour- j 
less. 1 

Violet. 

Violet. 

No i 
change. 


Toiylene Brown 

Darker. ' 

j 

Pink. 

Violet. 

Violet. 

No 

change. 


Thiocatechin i 

' Little 
. change. 

Faintly 

yellow. 

Darker. 

! 


Darker 

j 


Cachou de Laval 

; Little 

1 change. 

Faintly 

yellow. 

Redder. 


Little 

change. 


Crumpaall Direct Past 
Brown 0. 

Dull 

crim- 

son. 


Deep vio- 
let. Light 
brown on 
dil. 



Brown. 



j 


I Little 
, action. 



Greyish. 

Little 
change, j 








Red. 

Violet, 
Brown on 
dOufion. 



Light 

brown. 


i 



Dtanol Black- Bfown..' 

. 1 

! Dark 
i violet. 

1 


Violet, 
Re^iah- 
1 drab on 

1 dUutlon. 


Dark 

red. 
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Ammonia | 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 

Darker. 


Red. 1 

No change. 



Lighter. 


1 

Decolourised. 

On cotton. 


1 . 

No change. 


Brown. 

Lighter. 

3n cotton. 


Scarlet. 

Pink. 

Red. 

Decolourised. 

On cotton. 

Redder. 

Pink. 

No change. 

Lighter. 

On cotton. 

No change. 


No change. 

Decolourised. 

On cotton. 

... 

No change. 

Orange. 

Darker. 

Lighter, 

On cotton. 

Redder. 


Violet, 

Decolourised. 

On cotton. 


Dark green. 

Red. i 

1 

1 i 

Ash contains Cr. 

No change. 



On cotton. 




No change. 


Y ellow. 

Redder. 

Ash contains Cr. 


No change. 



Decolourised. 

On cotton. 

1 


No change. 


Olive. 

Decolourised, j On cotton, 

1 

i 

No change. 

I ! 

Brown. 

Decolourised. On cotton. 

1 

1 

, 

Darker. 

Darker. 

Colton colour. 



Little 

change. 

Little change. 

Cotton Colour. 

1 


Violet to 

Decolourised, 

Direct cotton colour. Wool 
may be dyed with Glau- 
ber s salt. Reactions, 

cotton. 

i 

brownish- 

ted. 

.... 

Darker. 

Browner. 

Dyes cotton direct without 
the aid of a mordant. 
Stands cross-dyeing. 



Crimson to 
brown. 

Decolourised. 

New diamine colour. B^t 
applied to cotton. Easily 
j discharged with tin crys- 
tals or zinc dust. 

1 


Brownish- 

ltd. 

Quickly decol- 
ourised. 

j Dyes a shade somewhat 
similar to Cachou de 
Laval. (Reactions, 
cotton.) 

I 

i 
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ANALYSIS OF COLOURING MATERIALS. 


Dyestuff 

1 Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 


Dark 

duU 

violet. 


Dull 
violet. 
Greyish- 
olive on 
dilution. 


Brown. 










Dark 
bluish- 
violet. De- 
colourised 
on dilu- 
tion. 

Reddish- 

brown. 


Browu G, 

violet. 




Benzo Nitrol 

Brown G . 

Bronze. 

Orange, 


Reddish- 
brown. 
Yellow on 
dilution. 

No 

change. 



Dirty 
srey. 
Dark 
brown 
on dilu- 
tion. 


Bluish - 
violet. 
Dirty 
brown on 
dilution. 








Diamine Nitrazol..., 
Brown RD. 

Dark 

brown. 


Dark 

reddish- 

brown. 



' i 

S i 

i 

Alkali Red-Brown , , . , 

2 R. 

Browner 


Reddish- 

bluc. 


Red. 






Alkali Dark Brown . . . 
G 109 . 

Dark 
reddi-sh-j 
purple. ■ 


Bright 
blue. 1 
Pink on : 
dilution. : 


Redder. 


! 



Durophenin 1 

Brown V, | 

Dark 
olive. \ 

1 

black. ; 

Darker i 

and 

slightly ^ 
redder, • 

Dianol Black- ..... 
Brown, 

Darker, Dark Reddish- i Darker. ' 

i dull blue. ‘ bnjwn on ! i 

‘ i j dilution. | ' 

Thiophene Brown . , .Vo Darker. : Darker, 

DB. cliarjKe, 1 j ; 

Thioxine Brown , Vo : Colourless., Brown. Brown, j 

0 . i change. ^ I 

No 

change. 

Colourless. 

Immedia! Veilow- . .i Redder. ! Colourless. Brown, Brown. 1 

Olive 5 G. 1 : 

1 ’ ' 1 

No 

change. 

Colouries.s. 

Monochrome 

Brown 0, 

\o . Colourless 
change. | 

Redder Maroon 

and 
lighter. 

Lighter 
in shade. 

Brown. 

Diamine Past 

Brown G. 

Green. 

Pink. 

Dark | Pink, 
brown, i 

' 

Redder. 

Colouricsv 
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Ammonia j 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 
• 

Remarks 

Fibre | 

Solution 



Crimson, 

Slowly 

decolourised. 

Direct cotton colour. (Re- 
actions on cotton.) 





Fibre become 
yellow. 

Lavender. 
Decolourised on 
warming. 

Direct dyeing cotton 
brown. Can be after- 
treated with chrome and 
Cu sulphate. 





1 Light 
brown. 

Drab brown. 
Light drab on 
continued boil- 
ing. 

j Direct dyeing brown. Dis- 
chargeable with tin crys- 
j tals with difficulty. Zinc 
powder with bisulphite, 

1 better. 





Orange. 
Orange- 
brown on 
dilution. 

Reddish orange. 

1 Dyed on union lining. 




! Dark brown. 

Darker. 

Dyed on cotton yam. In 
cross dyeing unions in 
an acid bath, the wool is 
stained but imperceptibly. 


1 Yellowish- 

Light brownish 

, Direct dyeing cotton col- 

; ! brown. 

yellow’. 

our. 

i Brownish- 

Light reddish 

; Direct dyeing cotton col- 

1 I red. 

i 

purple. 

I 

j our. 

1 


. ■ Olive-browTi, 


.■ DaU brown- 
I ish-red* Yel'j 
}ow so!n. on [ 
dilution. 


Little 

change. 


Redder. 


Redder. 


1 


No change. 


Olive-green. 

! 

Direct cotton colour. 

Does not bleed. 

! Decolourised. 

Direct dyeing browm. Re- 
markably fast_ after chro- 
ming, to wa-shing. 

No change. 

1 

For vegetable fibres. Un- 
affected by acids, alka- 
lies, or light. 

No change, j 

Sulphide dye for cotton. 

1 No change on 
boiling. 

j Sulphide dye. Fast to 
light, washing, acid, stov- 
1 ing, and hot pressing. 

Declourised on 
boiling. Solution 
colourless. 

Single bath mordant for 
wool. 

Decolourised on 
boiling. Solution 

1 colourless. 

'fDirect cotton. Fast 

againstlight, washing and 

j chlorine. 


Green. 
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DyestuS 

j Hydrochloric acid 

Sulphuric acid 

1 Sodium hydroxide 

Fibre 

Section 

Fibre 

Solution 

Fibre 

Solution 

Indanthrene Brown B. 

No 

change. 

Colourless. 

No 

change. 

Colourless. 

No ! 
change. 

Colourless. 

Oxy Chrojjie Brown V. 

Lighter, 

Reddish. 

No change. 

Colourless. 

Red. 

RedT^ 

Alkali New Brown D. . 

Little 

change. 

Colourless. 

Brown. 

Brown. 

Little 

change. 

Light 

brewn. 


No 

change. 




No 

change. 

i . . 






Anthracene Chromate 
Brown BB. 

Little 

lighter. 

Pink. 

No change. 

Colourless. 

No 

change. 

1 Colourless. 

Oxamine Brown j G.. 

Maroon. 

Colourless. 

Dark red. 

Dark red. 

Bi^ht 

i Colourless. 

i 

Erio-chrome Crown R, 

Maroon. 

Colourless. 

1 

Maroon, . 

Maroon, 

No 

change. 

Colourless. 

Pluto Orange and 
Ben*o-n i t r o 1 de- 
veloper. 

Dark 

brown. 


Dark 

purple. 

Brownish ; 
on dilu- 
tion. 

Darker, 


Pluto Brown 

Darker. 


Dark 

purple. 

1 

Brownish 
on dilu- 
tion. 

Darker. 


K at i gene Yellow 
Brown GG. 


Dark 

brown. 

! 1 

Yellow. 

No 

change. 


Kryogene Brown. . . . 

Little 

change. 


Dirty j 
brown, j 


No 

action. 






Dianil Brown 5 G.. . . 

Very 

little 

change. 


Light 

brown. 


Reddish- 

brown. 






Acid Anthracene 
Brown R. 

Red. 


Red. 


Colour 

extract- 

ed. 





Immedial Brown B.. 

No 

I effect. 


Black. 


No 

effect. 





Oxydiamine Brown 9 . 

Black. 


Black. 


Browner. 






Diamine Brown G.. . . 

Black. 

Restored 

on 

washing. 


Black Re 
stored on 
washing. 


As sul- 
phuric 
acid. 





Naghtamine Brown R 

No 

effect. 


Much 

lighter. 


No 

change. 





Palatine Chrome 
Brown W. 

Light I , , , 

brown. 

Light 

brown. 

Dark 

brown. 

Colour 

bleeds 

off. 


Sulphur Brown G. , . . 

Much j 
browner, j 


Darker, 


i 

1 Little 

browner. 
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Ammonia 

Spot with 
nitric 
acid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



No change. 

No change on 
boiling. Solution 
colourless. 

A vat dye for cotton. 





Red. 

Light red on 
boiling. Solution 
colourless. 

Acid mordant for wool. 





Little 

change. 

Dreolourised on 
boiling. Solution 
colourless. 

Direct cotton dyestuff. 




■ 

Yellower. 

No change on 
boiling. 

Suitable for calico printing. 





Much 

lighter. 

Light red on 
boiling. Solution 
light red. 

Single bath mordant dye- 
stuff. Loose wool and 
yam. 





Brown. 

Decolourised on 
boiling. 

Direct cotton dyestuff. 





Maroon. 

Light brown on 
' boiling. 

Acid mordant for wool. 





Dark red- 
brown. 

Little change. 

Cotton and silk. 





Dark red- 
brown. 

Little change. 

Cotton colour. 




i ! 

Brown 

solution. 

Little change. 

Sulphide colour. 

» 

: 

Dirty brown. 

Light brown. 

Direct cotton. 



Slightly 

yellower. 

Slightly redder. 

Direct cotton (also wool). 



Bright red. 

Slowly 

decolourised. 

Acid mordant. 



No effect. 

No effect. 

Sulphide. 



Black. 

Black. Original 
colour restored 
on washing. 

Direct cotton. 




As sulphuric 
acid. 

No change. 

Direct cotton. 



1 Decolourised. 

No change. 

Direct dyeing cotton. 



As HCl. 

No action. 

Acid mordant. 

■, 

i 

Very much 
browner. 

No change. 

Sulphur dye. 
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Dyestuff 

j Hydrochloric acid 

' Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

1 

Fibre • 

Solution 

Fibre 

Solution 

Eclipse Brown B 

No 

change. < 


1 Brown. 

Brown. 

Lighter. 

Yellow. 

Metachrome Brown 
B. 

1 

Redder. 

Light 

reddish- 

brown. 

Light 

1 brown. 

Crimson. 

No 

change. 


Dianol Cotton Brown 
N. 

Black. : 

Pale 

orange. 

j Purple. 

Purple. 

1 

Reddish- 

brown. 

Pink. ^ 

Acid Alizarin Brown 
BB. 

Reddish-' 
brown, i 

1 

Colourless. 

Red. 

Rose. 

No 

change. ^ 


Thiogene Brown. GC - 

Little 1 
change. | 

Colour- 

less. 

Little 

1 change. 

Brown, 

No 

change. 

Pyrogene Cutch R . . . 

! Darker. 

1 

i 

Colourless, 

Dark 
i brown. 

Pale 

1 brown. 

Darker. Colour- 
less. 

Pyrogene Brown 4 R . 

i 

! 

Redder. ; Colour- 
j less. 

Brown, j Buff 

i colour. 

Yel- Colour- 

lowish- less, 

brown. 

Pyrol Brown G ^ Darker. [ Colour- 

1 less. 

1 i 

Y cllow. 1 

! 1 

Yellow 

1 tint. 

Darker, j 

Colour- 

less. 

Triazol Brown G OO. Maroon, j Colour* 

1 j less. 

i ' 

Purple. 

Purple. 

1 Bright ' Colour- 
orange. less.. 

Pegu Brown G Red- 

i dish- 
brown. 

Colour- 

less. 

Deep 

purple. 

1 

Purple. 

No 

change. 

1 

Immedial BordcauxG. Little 1 
paler and’ 
j redder. | 

Colour- 

less. 

Black. 

Dull 

purple. 

Yel- i 
lowish- 
brown. 1 

1 Colour- 
! less. 

i 

Direct Dark Brown M. 

Black- 

brown. 

1 Colour- 
less. 

j 

Deep 

violet. 

Deep 

violet. 

No 

change. 


IHrect Brown- Yellow- Black- j 
Uh J GO. brown. | 

1 

Colour- 1 
less. 

Deep 

violet. 

Deep 

violet. 

No 

change. 


Immedial Dark Brown No 

D. j change, j 

! i 

Little 
^ change. 

Yellowish- 

brown. 

No 

change. 


Pyrogene Orange 0 , . . Turns : 

j redder. : 

■ I 

Coltnir- 

iess. 

Little 

I change. 

Dull 

yellow. 

No 

change. 
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Ammonia 

Spot with 
nitric 

2 icid 

Stannous 
chloride 
and hydro- 
chloric acid 

Remarks 

Fibre 

Solution 



Decolourised. 
Soln. brown. 

No change. 

Sulphur colour. 





Light brown. 
Soln. light 
red- brown. 

Redder. Solution 
light reddish- 
brown. 

Single bath mordant. 





Orange. 
Soln. yellow. 

On warming, 
grey. Solution 
colourless. 

Direct cotton. 





Brown. Solu- 
tion pale 
brown. 

Nearly decolour- 
ised (pale brown) 
on boiling. 

Acid mordant. 





Orange. 

Solution 

brown. 

On boiling be- 
comes redder. 
Solution colour- 
less. 

Sulphur dye. Fast to 

washing, light, etc. No 
after-treatment required. 





Deep brown. 
Solution 
reddish- 
brown. 

Darker on boil- 
ing. Solution 
colourless. 

Sulphide dyestuff. Fast to 
light, washing, acids, etc. 





Lighter. 
Soln, pink- 
ish. 

Little change 
on heating. 

Sulphide dye. Fast to 

acids' washing, light, etc. 



Orange- yel- j A little redder on Sulphide dye. Fast to 
low. Solu- : warming. j acids, washing, light, etc. 

tion pale ; 1 

yellow. ! 1 





Crimson. No change on 

Soln. crim- , warming, 

son. 

Soluble direct cotton dye. 
1/2 wool or 1/2 silk may 
be dyed a solid shade. 






Direct cotton dye. 



Solution 

orange. 

Soln. colourless. 



Fibre and 
solution 
dull orange. 

On warming, 
dull purple. So- 
lution colourless. 

Sulphide dye. Fast to 
light, washing and boil- 
ing, acids. 





Deep red- 
dish-brown 
then cherr>'- 
red. Solu- 
tion colour- 
less. 

No change. 

Direct cotton dye. 





Fibre and 
solution 
crimson. 

No change. 

Direct cotton dye. 





Little change. 
i^In. dull 
yellow. 

Little change. 

Sulphide dye. Suitable 

for prod ucing dark bro\TOS 
which can be toned with 
basic dyes. 





Reddish- 
brown. Soln. 
dull yellow. 





milling, boiling, acids, etc. 
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Dyestuff 

Hydrochloric acid 

Sulphuric acid 

Sodium hydroxide 

Fibre 

Solution 

Fibre 

Solution 

Fibre 

Solution 

Brown 

No 

change. 


No 

change. 


Turns 

yellower. 

Colour- 

less, 

Inomedial Cutch .... 
BG. 

_ . 

Turns 

redder. 

Colour- 

less. 

Darlc 

purplish- 

brown. 

Colour- 

less. 

No 

change. 

Colour- 

less, 

Chrome Past 

Brown A. 

No 

change. 


No 

change. 


Turns 

yellower 

Colour- 

less. 

Domingo Alizarin .... 
Brown B. 

Turns 

bluer. 

Colour- 

less. 

Brighter 
and bluer. 

Bluish- 

purple. 

Turns 

redder. 

Colour- 

less. 

Direct Brown 5 G 

Dull 
bluisb- 
i purple. 

Colour- 

less. 

1 Deep 

1 blue. 

Colour- 

less. 

1 

Redder. 

Colour- 

less. 

Indanthrene 

Copper R, 

Yellow. 1 

1 i 

Colour- . 
less. 

Little 
lighter. ' 

Light 

red. 

No ■ 
change, j 

Colour- 

less. 

Tbiogene Cate* 

chn R 

j No 
change. 


1 No 

1 change. 


Turns 
yel- ! 
lower. 1 

Colour- 

less. 

Milling Orange R 

Crim- 
1 son. 

I Colour- 
i less. 

Little 1 Golden- 
change. 1 yellow. 

Brown- 

ish- 

red. 

Colour- 

less. 

Indanthrene .... 

Brown B. 

No 

change. 

; Colour- 
less. 

No 

change. 

Colour- 

less. 

No 

change. ' 

Colour- 

less. 
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AmmonU 

Spot with 
nitric 
acid 

Stannous j 

chloride 
and hydro- 
chloric acid 

Remarks 

Fibre | 

Solution 1 



Orange- 
brown. 
Solution col- 
ourless. 

No change. | 

Sulphide dyestuff, brown 
shades on cotton, fast to 
washing, boiling, etc. 





Deep dull 
orange- 
brown. So- 
lution a 1 
brownish 
tint. 

Little change. 

Brown sulphide dyestuff. 
An after-treatment with 
metallic salts is not 
essential. 





III 

On warming, a 
little paler and 
redder. 

Acid mordant, suitable for 
dyeing woollen piece goods 
etc, Copper has little 

effect. 




Orange- 

brown. 

Solution 

colourless. 

On warming, 
paler and redder. 

1 Little or no 

Acid mordant. Suitable 
for obtaining purplish- 
. brown shades on wool, 
yam, etc. 





Reddish-pur- 
ple. ^In, 
colourless. 

change. 

1 Direct cotton. 





Yellow. 

Yellow. 

Solution 

colourless. 

Vat dyestuff for cotton. 
In paste form. 


i 

— — , 

Turns yel- 
lower. Elu- 
tion pale 
brown. 

Pale reddish- 
brown on warm- 
ing. 

Sulphide dye for cotton. 




Acid mordant dyestuff. 



Scarlet. 

Solution 

yellow. 

Decolourised on 
wanning. 



, 


No change. 

On boiling, no 
. change. Soln. 
colourless. 

Vat dye for cotton. 



^In. colour 
less. 




COLOURING MAHERS IN FOODS. 


By albert F. SEEKER, B. S. 

Substances employed for colouring foods may be divided into 3 
general classes: Pigments and lakes, vegetable and animal extracts, 
and coal-tar colours. The extent to which each is used is about in 
the reverse order named, pigments being employed only for special 
purposes, whereas coal-tar colours are found in almost all classes of 
food products. , 

Pigments and lakes are commonly employed in tinting cane 
sugar (ultramarine) and rice (Prussian blue, ultramarine), for polish- 
ing rice and dried pease (talc), for “facing” tea (talc, ultramarine, 
Prussian blue), for colouring coffee (chrome yellow), for colouring 
fish and meat preparations (oxide of iron pigments, cochineal lake, 
and other lakes derived from natural and coal-tar colours), and for 
colouring confectionery, in which a great variety of these colouring 
matters are likely to be found. 

The details of the nature and composition of the many lakes and 
pigments now on the market should be sought in some work devoted 
to the subject (see Bersch, Manufacture of Mineral and Lake Pigments, 
1901; Jennison, Manufacture of Lake Pigments, 1900) it being suffiaent 
for purposes of food inspection to ascertain the metals in the pigments 
and the metallic bases and the dyes in the lakes. 

Yellow Pigments found in foods are likely to be compounds of one 
or more of the following metals: Pb, Cr, Sb, Bi, Ba, Ca, Zn, 0, e, 
Al, Cd and Sn.^ 

Red Pigments— Fe, Pb, Cr, Co, Mg. 

Blue Pigments-Fe (combined with cyanogen), Al (as ultrama- 
rine), Cu, Co, Sn. 

Green Pigm*ents-Cu, Cr, Co, Zn, \fn, Ba, Fe. 

Violet Pigments-^Mn, Sn, Cr, Cu, A! (as ultramarine violet). 

» Compounds of Hg or A* owing to their toxicity wiU mrely be found. 
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Brown Pigments— Mn, Cu, Cr, Co, Fe. 

These pigments are frequently tinted with chalk, barytes, talc or 
kaolin. Powdered charcoal is occasionally found in spices and some 
times brick dust. Lamp black is used to deepen the color of chocolate 
coatings in confectionery. 

In general, pigmaUs may be detected by examining the ash of the 
suspected sample for the metals enumerated above, though in doing 
this it should be remembered that small amounts of Ca, Mg,Fe,Al 
and Mn occur naturally in most animal and vegetable products. 
Before drawing conclusions it is always advisable to estimate the 
metals quantitatively. A microscopical examination of the sample is 
often sufficient to detect added pigments. 

The lakes consist of coal-tar dyes or natural colours of vegetable 
or animal origin which are fixed upon some base or combined in such 
a manner as to render them insoluble. Aluminum and tin lakes are 
generally employed in the case of cochineal and vegetable colours, 
aluminium, tin, calcium, barium, lead, zinc, and sometimes antimony 
for the acid coal-tar colours (page 1 17), while the basic colours (pages 
1 16 and 1x8) are made to combine with tannin, tannin and tartar 
emetic, resin and fatty acids, or compounds of tin and phosphoric acid. 
Sometimes the shade of these lakes is modified by admixture of 
barytes, kaolin, zinc oxide, gypsum or some other pigment. 

Berry {U, S, Dept, Agr.f Bur, Chem,j Circular 25) has enumerated 
some of the coal-tar dyes commonly found in lakes. 

Red. — Magenta, rhodamins (B, G, S, 6G, 12G), safranins, pon- 
ceaus (3R, aGBL^ GL, GR, 4R), Fast Red O, eosins, phloxins, 
Rose Bengal and Alizarins. 

Orange. — Mandarin (R, G) Brilliant Orange RG, Orange (II, 
O, R), Ponceau 4GBL. 

Yellow.— Auramin, Thioflavin T, Naphthol Yellow S, Metanil 
Yellow, Quinolin Yellow and Tartrazin. 

Brown. — Bismark Brown, Add Brown B. 

Green.— Add Green D, Ethyl Green, Diamond Green, Coerulelne. 

Blue. — Nile Blue A, Victoria Blue, Naphthalin Blue, Methylene 
Blue B, Alkali Blue D, Neutral Blue, Diphenylamin Blue, Patent 
Blue BN, Erioglaudn Blues, Basle Blue, New Blue, Water Blue. 

Violet.— Methyl Violet B, rhodamins, gallein. 

The natural colours of vegetable and animal origin niost often found 
in lakes are: 
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Yellow, — ^Turmeric, annatto, weld, fustic, Persian berry and buck- 
thorn. 

Red.—Cochineal, safflower and sandalwood. 

Green. — Chlorophyll, Chinese green, and the calcium compounds 
of unripe persian berries and buckthorn. 

Violet. — Alum compounds of alkanet and logwood and the calcium 
compound of archil. 

Blue.— Indigo sulphonic acid. 

The lakes may be detected by means of the microscope, their metal- 
lic constituents by an examination of the ash of the sample, and the 
colours by first decomposing the lake with a solution of tartaric, oxalic, 
or hydrochloric acid, and then fixing on wool or shaking out with 
amyl alcohol as described below. 


Natural Colours of Vegetable and Animal Origin. 

These were formerly extensively used to colour food products, but 
have now been largely replaced by the coal-tar colours. Berry {U. S. 
Dept. Agri.f Bur. Chem., Circular 25) has compiled a comprehensive 
list of natural colours giving their sources and uses. (See also W. M. 
Gardner’s section, pages 383 to 434 -) 

Alder bark : Source— ghUinosa. Y ellow, 

Alkanet; Sowce—Baphorhisa tinctoria {Alkanm iincioria Tausch.; 
Anchusa iincioria L.). Used in colouring medicines, oils, pomades, 
wine, etc., red to crimson. Alkanna green has also been prepared 
from the root {Jour. Soc. Clietn. Ind.^ 1903, 22, 512). 

Aloes; Source-Cape aloe, Aloe spicata; A. arhorescens; A. luctda; 

A. mcotrina; A.vera. Yellow. ^ , c 

A 1 root; or Aich root, sooranjee (India), suranjee (India): Source 
-^forinda cUriJolia; M. iincioria. Alumina lake, yellow. 

Annatto; or anotto, orlean, roucou, orenetto, attalo, terra orellana, 
achiote: Source- 5 «a ortliaM. Used for colouring oils butter, etc. 

ArchU; or orchil, orseille, oricello, orchilla: Source-Se^eifa 
Hnci (new); R. Juciformis (old); R. tinciom. Also prepared from 
any lichens containing orcin or its derivatives, i. e.j vano ana, ecan > 
evemia, cladonia, ramalina, usnea. Appears in liqui ’ ’ 

powder, the latter form being a sulphonated derivative. Dy^ >mmor- 
danted wool in neutral, alkaline, and add solutions, and sho 
be mistaken for coal-tar dyes, in the double dyeing twt. 

Asbarg; or gandhaki (Afghanistan): Source-WM»t«« 
Yellow lakes prepared from the blossoms, 

Vot. V.-40 
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BaMa wood: Source — Ccesalpinia brasUiensis, Exported from 
Bahia. Sometimes called Brazil wood. See under Redwoods. 

Barberry: Source — Berberis vtdgaris. Yellow basic dye. 

Barwood ; or camwood, kambe wood, bois du cam: Source — Baphia 
nitida. From west coast of Africa and Jamaica. (See under Red- 
woods.) 

Bastard hemp: Source — Datisca cannabina. Alkaline solutions 
yellow. 

Bilberry; or whortleberry: Source — Vaccinium membranaceum; F. 
myrtillus. Blue to purple. 

Box myrtle; or yangmoe, of China; kaiphal, of India: Source — 
Myrka nagi (M. sapida Wall, and M. integrifolia Roxb.); M. rubra. 
Alumina lake, brown orange. 

Brazilwood; or Femambourgwood, Pernambuco wood, femambuck 
wood, bois defemambouc, Rothholz: Source— Gwr/andiwa crista; 
Caesalpinia brazilknsis. Chiefly from Brazil and Jamaica. See 
under Redwoods. 

Brazilett wood; or Jamaica redwood, Bahama redwood: Source — 

Buckthorn: Source — Rhamnus caihartica. Purple juice which when 
treated with alkali becomes green. Used in confectionery as sap 
green. 

Buckwheat: Source — Fagopyrum fagopyrum. Yellow colour from 
leaves and stalk. 

Buttercup: Source — Ranunculus bulhosus and other species. Yellow. 

Cabbage: Source — Brasska okracea. Contains cauiine, probably 
identical with the cyanin of wine. 

Camwood; or gaban wood, poa-gaban: Source — Closely allied to 
barwood. From African coast. See under Redwoods, 

Capers: Source — Capparis spinosa. Yellow. 

Caramel: Source — ^From sugar. Brown. 

Carrot: Source — Daucus carota. Yellow. 

Catechu: Source — Acacia catechu; Ourauparia gambier. Brown to 
red colours. Influenced by oxidation. Contains catechin. 

Celery; or smallage: Source — Apium graveolins. Yellow green. 

Chamomile (Ger.) ; or matricario: Source — Matrkaric chamomilla. 
Alumina lake, yellow. 

Chay root; or ch^ root, cherri vello, sayavee, imbural, turbuli: 
Source— umbellata. Contains alizarin, purpurin, etc. 

Cheiidonine juice: Source — Chelidonium majus. Yellow. 
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Chica-red; or crajina, carajara: Source — Arrabidaea ckica {Bignonia 
chica UMinh. and BonpL). Vermilion red powder insoluble in water, 
alkaline solutions, orange to red, 

Chinese green; or lokao: Source— tinctoria; R. dakurica. 
Only natural green dye other than chlorophyll. 

Chinese yellow: Souvct-^ardenia grandifiora. Other Chinese 
yellows are Wongsky, Wougshy, Wongschy, Hoang-tchy, Hoang-teng, 
Hoang-Tschi, Hoang-pe-pi, and Ti-hoang, 

Chrysamic acid: Source— Aloes. Action of nitric acid on aloes. 
Yellow in alcohol. 

Chlorophyll: Green colour of plants. 

Cochineal; or cochenille, coccionella: Source — cacti (dried 
bodies of the female insect). Contains carminic acid soluble in water 
with purple colour; lakes, red to purple; aluminum or tin lakes, coch- 
ineal carmine or coccerin. 

Cotinin: Preparation from young fustic. Yellow. 

Cranberry; or red bilberry: SouTCG-'Vaccinium vitisidaea L. Red. 

Cudbear; or cudbeard, perseo: Source — Lecanora tinctoria; Variola- 
ria orcina. Differs from archil in being in powder form and free from 
excess of ammonia. 

Cyanin: Colouring matter from petals of flowers. Occurs in wine. 
Blue, turning pink with vegetable acids. 

Dragon’s blood (palm): Source — Daemonorops draco. Red resin. 

Dragon’s blood (Socotra) : Source — Dracaena cinnabari. Red resin. 

Dwarf elder: Source — Safnbucus ebulus. Red. 

Dyer’s broom: Source — Genista tinctoria. Yellow. 

Dyer’s woodruff: Source — Asperula tinctoria. Contains colours 
similar to alizarin. 

Elderberry : Source — Samhucus canadensis; S. nigra; S. puhens. Red. 

Fairy cup; or blood cup: Source — Chlorosplenium aeruginosum. 
Calcium lake, green. 

Flavin*. Prepared from oak bark. Olive yellow to dark brown 
powder. 

Forget-me-not: Source — Myosotis pdusiris. See Cyanin. 

French purple: Prepared from archil by treatment with acid. 

Fustic (old); or yellow Brazil wood, Holland yellow wood, murier 
des teinturiers, bois jaune, Gelbholz: Source — Chiorophora tinctoria 
{Morus tinctoria L.; Maclura tinctoria D. Don.). Contains morin and 
maclurin. Yellow. 
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Fustic (young) ; or bois jaune de Hongrie, du Tirol, Fisetholz, fustel; 
Source— coHnus (Rhus coHnus L.). Contains fisitin. Yellow. 

Galangal (Javan): Source— galanga. Alkaline solutions 
yellow. 

Galangal (Chinese): Source — Alfhnia officinarum. Alkaline solu- 
tions yellow. Used in Russia for making “Nastoika,’* a liquor. 

Gamboge: Source — Garcinia hanburyi; G, morella. Red resin. 
Lakes, yellow. 

Garancin: Formerly prepared from madder. Of historical interest 
only. 

Gentian: Source — Gentiana lulea. Alkaline solutions yellow. 

Goa powder: Source — Vouacapotta araroba (Andira araroba) Aguiar. 
Contains chrysarobin and chrysophanic acid. Yellow. 

Golden seal; or Canadian yellow root: Source — Hydrastis canaden- 
sis. Yellow basic dye. 

Harmala red: Source — Peganum harmala. Basic colour insoluble 
in water; alkaline solutions red. 

Heartsease; or pansy, lady^s delight: Source — Viola tricolor arvensis. 
Yields quercetin. Yellow. 

Hollyhock: Source — Althaea rosea; Malva sylvestris; M. rotundifolia. 
Solutions, violet red. Crimson with acids. Green wdth alkalies. Al- 
umina lake, violet blue. 

Horse chestnut: Lakes, yellow. 

Indian yellow; or piuri, pioury, purree, purrea arabica, jaune indien. 
Prepared in India from the urine of cows fed on mango leaves and con- 
tains yellow colouring matters, free and in form of magnesium or 
calcium salts. 

Indigo: Source — Indigofera anil and other varieties. Insoluble in 
water. Becomes soluble by treatment with sulphuric acid, forming 
sulpho salts. Indigo carmine (blue). 

Jackwood; or jack fruit of Ceylon: Source — Artocarpus iniegrijolia. 
Alumina lake, yellow. 

Kamala; or kameela, ramelas, rottlera: Source — Echinus philip- 
pensis (Rottlera tinctoria Roxb). Red powder. 

Kermes berries; or portugal berries, poke berries, pigeon berries, 
scoke berries: Source— Phytolacca americance (Phytolacca decandra L.). 
Reddish. 

Kermes; or false kermes berries, grains de kermes, Vermillion vegetal: 
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Source— CoccMS ilicis (dried bodies of the female insect). Solutions 
and lakes, blood red. 

Kino:^ Souice—Pkrocarpus marsupium; Buka Jrondosa, B. superba, 
and varieties; Eucalyptus corymbosa. Red colour. * 

Lac-dye; or lac-lac: Source — Coccus lacca (from the female insect). 
Colours similar to cochineal. 

Lapacho; or taigu wood: Source— Tectum lapacho and allied spe- 
cies. Yellow colour. 

Lima wood; or Costa Rica redwood: Similar to St. Martha wood. 
(See under Redwoods.) 

Liquorice: Source — Glycytthiza glabra. Brown, 

Litmus; or toumesol: Source— Rocella, Lecanoria, Variolaria. Red 
and blue. 

Logwood; or Campeachy wood, Blauholz: Somce—H (EtncUoxylon 
campechianum. The unfermented extract forms yellow solutions if 
neutral, and blood-red solutions with calcareous water. The unfer- 
mented solution contains chiefly a glucoside which upon fermentation 
yields haematoxylin, and the latter is easily oxidised to haematem. 
Various coloured lakes are formed. Hematoxylin forms rose-red 
colour with alum and a black violet lake with iron alum. Hamatein 
forms bluish-violet with alkalies; reddish-purple with sodium carbo- 
nate; reddish-purple with ammonia; bluish-violet lake with ammoniacal 
copper sulphate; violet lake with ammoniacal tin chlorid; black with 
ammoniacal iron alum. 

Lopez root: Source — Toddalia aculeata. Contains berberin. Yel- 
low. 

Lomatiol: Source — Tricondylus Uicifolia; Tricondylus myricoides. 
Yellow. 

Madder: Source — Rubia iinctorum. Natural source of alizarin dyes. 

Mang-koudur; or oungkoudon, song-kou-Iong, jong koutong: 
Source — Morinda umbellata. Lakes, yellow to red. 

Marsh marigold: Source*— paluslris. Yellow. 

Mountain wormwood; or Gcnepi des alpes: Source — Artemisia 
absinthium. Yellowish. 

Munjeet: Source — Rubia cordifolia. Similar to madder. 

Myrtle berry: Source — Myrius communis. Bluish-red. 

Nettle: Source — Urticas,^. 

Nicaragua wood: Source — Guilandina echinaia. Boughs or twigs 
used. (See redwoods.) 
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Onion: Source — Allium cepa. Alumina lake, yellow-brown. 

Oregon grape root: Source— aquifolium. Yellow basic dye. 

Panama crimson: Source — Vine called China. 

Parsley: Source — Apium petroselium. Alumina lake, yellow. 

Peachwood; or St. Martha wood, Martin wood, bois du sang: 
Source — GuUandina echinata. From the Sierra Nevada in Mexico. 
See under Redwoods. 

Persian berries; or yellow berries, Kreutzbeeren, Avignon- Komer, 
granes de perse, graines jaune, graines d’ Avignon {Rhamnus infecioria)^ 
French berries (R, alatema)^ Spanish berries (/?. s(^atilis)^ Italian 
berries {R. infectoria), Hungarian berries {R. cathartica)\ Source — 
Species of Rhamnus as given above. Alum lake, bright yellow ; iron 
lake, dark olive. 

Poppy; or field red com: Source — Papaver rhoeas. Red. 

Poplar buds: Source — Populus sp. Alumina lake, yellow. 

Prickly pear: Source — Opuntia opuntia. Red. 

Privet berries: Source — Ligustrum vulgare. Bluish-red. 

Purple heart: Source — Copaiva puhiflora. Alum lake, yellow. 

Puriri: Source — Vitex littoralis. Alum lake, yellow. 

Quercitron: Source — Quercus veluiina and varieties. Yields quer- 
cetin, yellow. 

Quebracho- Source — Quehrackia lorenizii. Yellow color. 

Redwoods: See Brazil, Bahia, Peach, Nicaragua, Sapan, Lima, 
Braziletto, Bar, and Camwood. These woods yield on treatment 
various red to yellow- red coloured solutions, no two woods giving 
exactly the same shades, 1. e., Brazilin, probably occurring as a gluco- 
side, forms Brazilein on oxidation and yields lakes similar to alizarin. 
Florence, Berlin, and Venetian lakes are lakes of the soluble red- 
woods. 

Rhubarb: Source — Rheum officinale. Yields chrysophanic acid, 
yellow. 

Rue: Source — Rula graveolens. Alum lake, yellow. 

Safflower; or dyer’s saffron, carthame, safran bitard, bastard saffron; 
Source — Carihamus Unctorius. Yellow color. Triturated with French 
chalk and dried, forms various bright red "rouges.” 

Saffron; or azafran (Afgh.): Source — Crocus s(Uivus. Yellow. 

Sage: Source— 5a/m officinalis. Yellow. 

Sandalwood; or santalwood, lignum santalum, red santalwood, 
Saunders wood, red sandalwood, red Sanders wood, bois de santal, 
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Sandelholz: Source— santalinus; P. indicus. Contains 
santalin, a fine red powder easily soluble in alcoM and acetic acid 
with a blood-red colour. (See under Redwoods.) 

Sapan wood; or sappan wood, Japan wood, bois du Japon, also 
called red sandalwood, santalwood, sumbawa wood: Source — Caesal- 
pinia sapan. Probably identical with caliatur wood or cariatur wood. 
(See under Redwoods.) 

Saw-wort: SouTCt—Serratula tinctoria. Alumina lake, yellow. 

Sepia: Source — Sepia officinalis. Dark-brown ink-like pigment. 
Sorgo red; or durrha: Source — Andropogon sorghum. Lakes, 
crimson red. 

Spanish trefoil: Source — Trifolium sp. 

Spinach: Source — Spinacia oleracea. Yellow, 

Stringy bark: Source — Eucalyptus macrorhyncha. Orange to yellow. 
Sun dew: Source — Droserawkiltakerii. Lakes red to brown. 

Sumac (Cape); or pruim bast: Source — Colpoon compressum. 
Alum lake, yellow. 

Sumac (Sicilian): Source — Rkus coriaria. Alum lake, olive yellow. 
Tyrian purple: Source — Murex, .purpura, buccinium, etc. (sea 
shells). 

Tumeric; or curcuma, Indian saffron, terra merita, souchet, safran 
d’Inde: Source — Curcuma longa; C. rotunda. Yellow colour. 

Ventilago, Madras-patana; or oural patti, pitti,lokandi,kanwait, etc.: 
Source — Ventilago madraspatana. Lakes, blue. 

Virginia creeper: Source — Partkenocissus quinquefolia. Red colour. 
Waifa; or hoai-hoa, Chinese yellow berries: Souic^Sophora 
japonica. Alumina lake, yellow. 

Wall flower: Source — Chdranthus cheiri. Yellow lakes prepared 
from the blossoms. 

Wall lichen: Source— Parmclia parieiina. Yellow. 

Waras: Source — Moghania congesia {Flemingia congesta Roxb.). 
Red resinous powder. 

Weld; or wau, gaude, yellow weed, dyer’s rocket: Source— Reseda 
luteola. Aumina lake, ydlow. 

Whitethorn; or blackthorn: Source — Crataegus oxyacantha. Yellow 
lakes from blossoms. 

Woad; or pastel, waid: Source — I satis tinctoria" I. lusitanica. 
Contains indigo. 

Of the above-named natural colours those most commonly used are: 
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Alkanet, aimatto, archil, caramel, chlorophyll, cochineal, cudbear, 
fustic, indigo (sulphonated), logwood, Persian berries, quercitron, 
safflower, saffron, santalwood, turmeric, and weld. With the excep- 
tion of caramel and chlorophyll all of these have been fully described 
on pages 383 to 434. Caramel and chlorophyll will be treated sepa- 
rately (pages 636 and 639) and sulphonated indigo now properly 
belongs among the coal-tar dyes. 

With the exception of the three last mentioned all the commonly 
occurring natural colours may be extracted from their aqueous or 
weakly alcoholic solutions by acidif3dng with hydrochloric add and 
shaking in a separatory funnel with amyl alcohol. In treating a food 
product or an aqueous extract of it in this way it frequently happens 
that the amyl alcohol also takes up other substances besides colour, 
and in order to remove these the amyl alcohol layer is washed two or 
three times with water and then evaporated to dryness on a steam bath. 
The residue is dissolved in 50% alcohol, the solution filtered and then 
shaken with two separate portions of light boUing petroleum ether. 
On separating the alcohol layer, diluting with an equal volume of 
water rendered slightly add with hydrochloric acid, and shaking 
with a fresh portion of amyl alcohol the colour usually passes into 
this in a reasonably pure condition. The final amyl-alcohol layer 
is washed once with water to remove most of the add and evaporated 
to dryness op a steam bath, this operation being considerably hastened 
by the addition of some ethyl alcohol. The colour may be identified in 
this residue by the reactions given on page 637, by the characteristics 
indicated on pages 383 to 434, and by what follows. 

To secure a solution of the colour from substances of a solid or a 
pasty consistency they shoffld be macerated and shaken wtih 70% 
alcohol. After filtering, the solution is diluted with water, addified, 
and extracted with amyl alcohol as given above. 

Great care and discrimination should be employed in carrying out 
tests for the identification of natural colours, and it is advisable in all 
cases before drawing condusions to compare the reactions of the un- 
known colour with those of a sample of known identity under the same 
conditions. Many fruits naturally contain colouring matters which 
pass into the amyl alcohol layer when shaken with that solvent in acid 
solution and their reactions should be studied in order to avoid mis- 
taking them for added colours. Tnichon and Martin-Claude (/. 
fharm. chim., 1901, 13, 174) and Tolman {V, 5 . Dept, Agri., Bur. 
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Chem,, Bully 107, rev., 193) have observed the following behaviour of 

natural fruit colours: 


EXTRACTION OF FRUIT COLOURS WITH AMYL ALCOHOL, 


Pniit 

Colouration of acid 
solution^ 

Colouration of ammo- 
niacal solution 



Juice 

Amyl-alco- 
hol extract 

Juice 

Amyl-alco- 
hol extract 

of H2SO2 to dyec 
fabric 


Red.. .. 

Yellow 

Green .... 
Green .... 

Uncoloured. 

Yellow. 

Ripe cherries 

Red... 

Uncoloured . 

Early strawberries . 

Red.. .. 

Rose 

Green , , . . 



Ripe strawberries . . 

Red.... 

Red 

Green .... 

Uncoloured. 

Rose (tints silk 

Raroberries 

Red.... 

Red 

rirr-rn 

Uncoloured. 

rose red). 

Rea currants 

Red. . . . 

Uncoloured . 

Green , . , . 


White currants 

White., 

Uncoloured . 

Brown . . . 



Blackcurrants 

Dark 

r^. 

Red 

Deep 

green. 

Uncoloured.i 

Tints silk rose. 

Peaches 

Yellow . 

Uncoloured . 

Brown , , , 

Yellow- red. 

Uncoloured. 

Pears. 

Yellow . 

Uncoloured . 

Brown . , . 

Yellow- red. 

Quinces 

Yellow . 

Uncoloured . 

Brown . . . 

Yellow- red. 


Apples 

Yellow . 

Uncoloured . 

Brown , , , 

Y ellow-red . 


Apricots 

Yellow . 

Uncoloured . 

Brown . . , 

Yellow- red. 


Green gage plums . . 

Yellow , 

Uncoloured . 

Brown, . . 

i Yellow-red. 



EXTRACTION OF FRUIT COLOURS WITH AMYL ALCOHOL 
AND WITH ETHER. 


Fruit 

Colour with 
ammonium 
hydroxide 

Colour ex- 
tracted by 
ether from 
acid solu- 
tion 

Colour extracted 
by amyl-alco- 
hol from acid 
solution 

Strawberry 

Red raspberry. . 

Blackberry 

Purple 

None 

Deep red 

Blue-purple. . 

None 

Very deep red. . 

Cherry 

Purple 

None 

Red 

Blackberry. 

Blue-purple. . 

Blue-purple. . 

None 

Red 

Wild dewberry . . 

i None 

Red 



Currant 

Blue-purple . . 

None 

Red 





Dyeing tests on the 
juice 


Colour washed out. 

All colour does not wash 
out, but does not dye in 
the second acid bath. 

Dyes purplish-red in acid 
solution, but do« not dye 
in the second acid bath. 

Dyes purplish-red in acid 
solution, but does not dye 
in the second acid bath. 

Dyes purplish-red in acid 
solution, but does not dye 
in the second acid bath. 

Dyes purplish-red in acid 
solution, but does not dye 
in the second acid bath. 

Dyes purplish-red in acid 
solution, but do^ not dye 
in the second acid bath. 


The dyeing tests referred to in the second table were made with 
wool as described on page 643. 

For the purpose of identifying the natural colours besides employing 
Leeds^ scheme, VoL II, page 308, and the general characteristics given 

1 Acidity of the juice. 
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on pages 383 to 434, the solutions containing them may be acidified 
with acetic acid and evaporated to dryness with a piece of wool mor- 
danted with tin. The fibre is thoroughly washed and portions of it 
tested with reagents, the reactions of red colours being indicated on page 
550 and. yellow colours on page 578. Berry ( 27 . 5 .’ Dept, Agri,^ Bur. 
Ckem.y Circular 25) observed the reactions indicated on pages 634-635 
of the natural colours fixed upon mordanted wool. 

Loomis {U.S. Dept. Agri., Bur, Chem,, Cir. 63, pages 59 to 61) 
has published the reactions indicated on page 637. 

The natural colours may also be fixed upon cotton mordanted with 
alum. 

Formant [Qualitative Spektralanalyse anorganischer und organ- 
ischer Korper 1905, pages 252 to 290) gives the absorption spectra of 
most of the natural colours. 

Special Tests for Natural Colours,— Archil and cudbear ^ like the 
coal-tar colours, dye unmordanted wool red from an acid bath and may 
be stripped and re-dyed without much difficulty. The fibre becomes 
red when treated with dilute acid and purple with dilute ammonia. 
It is reduced by zinc and hydrochloric acid, and re-oxidised by expo- 
sure to air. Dilute nitrous acid turns the dyed fibre yellow. Ordin- 
ary archil is extracted from ammoniacal solution by amyl alcohol but 
sulphonated archil is not. 

Tumeric is best extracted from food products (or their dried resi- 
dues) by means of alcohol. The filtered extract is evaporated to 
dryness in a dish containing a few strips of filter paper, these being 
* then moistened with a dilute solution of boric add addified with hydro- 
chloric add, and again evaporated to dryness. In the presence of 
turmeric a cherry-red colour will develop which is changed to olive- 
green by alkalies. 

Cochineal is readily identified by the orange colouration produced 
on treatment with adds and the violet with ammonia. The reaction 
with uranium acetate (see page 423) is very characteristic and reliable, 

Alkanet is identified by its absorption spectrum and its reaction 
with ammonia (see page 432). 

Chlorophyll is identified by its behaviour with solvents and most 
satisfactorily by its absorption spectrum. It is insoluble in Wjater but 
soluble in alcohol, ether, ethyl acetate, acetone, amyl alcohol, petro- 
leum ether gladal acetic add and in solutions of the alkalies. It is 
usually found assodated in plants with two yellow colouring matters, 



APPEAR A rVCE AN^O REACTIONS OF COLOURS IN AQUEOUS SOLUTION AND WITH CONCENTRATED 

SULPHURIC ACID. 
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carotin and xanthophyU which impart a yellowish tint to ordinary ex- 
tracts of green plants. Solutions of chlorophyll usually have a strong 
red fluorescence, though this characteristic may, through the pres- 
ence of a little copper or from some other circumstance, be lost 
and cannot be relied upon as a distinguishing mark. Chlorophyll 
readily decomposes, and after the death of the cell in which it 
exists a transformation to the brownish -green chlorophyllan com> 
monly occurs, the brown colour of dried or cooked leaves being 
due to this substance. The presence of a little alkali prevents 
this change — a fact which is taken advantage of by cooks to 
preserve the green colour of cooked vegetables, a little soda 
being added to the water in which they are boiled. If fresh green 
leaves are extracted with alcohol made slightly alkaline with ammonia 
a fairly permanent pure green solution is obtained. If chlorophyll is 
treated with strong hydrochloric acid it splits up into two colouring 
matters the first of which (phylloxanthin) is brown and insoluble and 
the second (phyllocyanin) dissolving in the acid to form a blue solu- 
tion, from which the colouring matter is precipitated on dilution.* 
The barium and lead compounds of chlorophyll are insoluble in alcohol. 

The absorption spectrum of a newly prepared alcoholic extract of 
fresh green leaves in proper concentration exhibits 5 bands; a broad 
dark one at the Fraunhofer line C, 3 light ones (the first between 
C and D, the second close to D, and the third near E), and a fifth 
broad band beginning about F and taking in all the blue and violet. 
The appearance of this spectrum changes with the age of the solution, 
its concentration, and the nature of the solvent employed. The 
effect of age on chlorophyll solutions is to darken the spectrum band 
near E and to shorten the absorption in the blue sometimes splitting 
this into 2 bands. There is also slight alteration in the position of 
the other bands. Diluting the solution causes the disappearance of 
the light bands and a diminution of intensity of the dark ones, sufficient 
dilution effecting a separation of the absorption in the blue and violet 
into 2 bands. In the identification of chlorophyll it is advisable to 

> WiUst^tter (Ann., 1906 to 190S, 350« 354f 35Sf 35^ tuu published some work wluch 
would indicate that chlor^hyllan, phylloxanthin ana phyllocyanin are mixtures. By 
composing chlorophyll with alkali he has obtained one series of compounds and with 
another series each of which have been successfully fractionated. He regar^ chlorophyll 
in plants as a mixture of an amorphous and a crystalline variety, the 6 rst being an ester 01 
the unsaturated alcohol “phytol'' and the second a magnesium compound. Litersture- 
Tschirch, Untersuchungen Met dof Cfc/oropfcyW, 1884; Schunck and Maichlewsld, 

Chlorophyll, Roy. Soc. Pro . 59, 7.1.1; Marchlewski, DieChemit der Chl(^oPhyll« 

ikrt Beziehung tur Chemie des BluqarbtUi^s, 1909; Schryver, TA# Chentisify of ChloropKyiit 
Sci. Prog., 1909, 3, 4^5' 
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prepare ior comparison a solution oi that colour in the same solvent 
and of equal intensity to the unknown. Formanek (Quantitative 
Spektralanalyse anorganischer und organiscker Kbrpetj 1905) states that 
upon treating the solution with alcoholic potassium hydroxide and 
allowing the mixture to stand the absorption band in the red near C 
will be found to have divided into 2. He considers this quite charac- 
teristic, distinguishing chlorophyll from all other natural colours. 

Caramel or burnt sugar is often used to colour food products, 
especially whiskey, brandy, cordials, vinegar, vanilla extract, and similar 
substances. In testing for caramel in liquids it is not permissible to 
concentrate the solution by evaporation on a steam bath as caramel 
may be formed from the carbohydrates present. If it is necessary to 
concentrate it should be done in a vacuum desiccator over sulphuric 
acid or at a temperature not exceeding 70°. 

Amthor (Z. anal. Chem., 1885, 24, 30) tests for caramel as follows: 
10 c.c. of the liquid' are placed in a tall cylindrical vessel and treated 
with 30-50 c.c. of paraldehyde. Absolute alcohol is added in small 
portions, shaking vigorously after each addition, until the liquids mix. 
If caramel is present a brownish precipitate will settle out, depending 
in colour upon the amount of caramel present. The supernatant 
liquid is decanted and the precipitate washed twice with absolute 
alcohol, after which the residue is dissolved in a small amount of hot 
water and filtered. The colour of this solution will give some idea of 
the amount of caramel present. The colour may be identified by 
treating this filtrate with an equal volume of freshly prepared phenyl 
hydrazine reagent (2 parts phenylhydrazine hydrochloride, 3 parts 
sodium acetate, and 20 parts water) which in the presence of consider- 
able caramel gives a dark brown precipitate in the cold, the reaction 
being hastened by w^arming. When small amounts are present the 
precipitate sometimes takes about 12 hours to collect. 

Crampton and Simons ( 7 . Am. Chem. Soc., 1899, 21, 355) treat 
$0 c.c. of the liquid with 25 grm. of Fuller’s earth, shake vigorously, 
allow to stand for half an hour and filter. The colour of the filtrate 
should be compared in a tintometer with that of the original liquid 
and the percentage of colour removed by the treatment noted, this 
furnishing some indication of the proportion of colour due to caramel. 
All grades of Fuller’s earth do not absorb caramel sufficiently to be 
employed in this test and the variety at hand should always be tested 
by control experiments before being used. The results obtained by 
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this test should be accepted with caution as the natural colour of some 
substances like vinegar (/. Am. Chem.Soc.f 1907, 29, 75) are at times 
largely removed by Fuller^s earth, and unless the liquid is almost decol- 
ourized (80% or more removed) it is not safe to conclude that caramel 
is present without confirmatory tests by another method. 

Fradiss (Z. Zuckerind., 1899, 28, 229) tests for caramel in dry sub- 
stances by extracting with warm, pure methyl alcohol. The brown 
solution is filtered, and chloroform or amyl alcohol added to the 
filtrate which causes a brown flocculent precipitate to form. 

Woodman and Newhall (Mass, Inst, Tech. Quarterly ^ 1908, 21, 
280) found that in applying the Amthor test directly to vanilla extracts 
containing sugjr the results are obscured by precipitation of the latter 
together with some of the natural colouring matter. This is true of 
many other preparations and their method of employing a preliminary 
treatment with zinc hydroxide is subject to fairly general application. 
They recommend that 15 c.c. of vanilla extract be mixed with 2 c.c. 
of zinc chloride (5% solution) and 2 c.c. of potassium hydroxide (2% 
solution). The precipitate is filtered, washed with hot water to remove 
sugar, and then dissolved in 15 c.c. of acetic acid (10% solution). 
This is concentrated to about half its volume, the excess of acid neu- 
tralised, and the solution divided between 2 test-tubes. To one of 
these 3 volumes of paraldehyde are added and just sufficient alcohol 
to make the mixture homogeneous. To the other is added an equal 
volume of freshly prepared phenylhydrazine reagent (see Amthor test 
immediately above). If caramel is present both tubes will exhibit a 
brown precipitate on standing over night, 

Jagerschmid (Z. Nohr.-Genussm.^ 1909, 17, 269) proposes the use 
of a modification of Fiehe’s artificial honey test in the detection of 
caramel. 


Coal-tar Colours. 

For a description of these, their constitution and properties consult 
pages 1 1 5, et seq. 

Although the number of these dyes on the market is very great, 
and most of them, from a commercial standpoint, are suitable for col- 
ouring foods, it has been found that comparatively few are in common 
use. The following list includes most of those that have been sold 
on the American market for food purposes, the numbers being those 
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under which they are listed in Green’s edition of Schultz and Julius, A 
Systematic Survey of Organic Colouring Matters, 1904, and th^ letters 
in brackets indicating the manufacturers as abbreviated in footnote.^ 


4 Naphthol yellow S (B). 

8 Add yellow (A). 

9 Fast yellow (B). 

10 Soudan G (A). 

11 Soudan I (A). 

13 Ponceau 4GB (A). 

14 Orange G (A), 

16 Butter yellow. 

17 Chrysoidine Y (H), 

18 Chrysoidine R (H). 

49 Soudan II (A). 

53 Palatine scarlet (B). 

54 Scarlet GR (A). 

55 Ponceau R, 2R, G, GR (A). 

56 Ponceau 3R (A). 

60 Scarlet 2R (CJ). 

64 Crystal scarlet 6R (C). 

65 Fast red B (B). 

84 Resorcin yellow (A). 

8$ Orange I. 

86 Betanaphthol orange. 

89 Brilliant yellow S (B). 

94 Tartradne (B). 

95 Metanil yellow (O). 

97 Orange T (K). 

loi Fast brown N (B). 

103 Azorubin S (A). 

104 Croc^n 3BX (By). 

105 Fast red E (B). 

1 06 New cocdne (A). 

107 Amaranth (M). 

108 Scarlet 6R (M), 

137 Resorcin brown (A). 

139 Fast brown (By). 

146 Brilliant crocein M (C). 

169 Crocein scarlet 7B. 

188 Naphthol black B (C). 

197 Bismarck brown. 


201 Bismarck brown R (H). 

240 Congo red (A). 

269 Chrysamin R (By). 

287 Azo blue (By). 

329 Chrysophemn (L). 

308 Naphthol green B (C). 

425 Auramine. 

427 Malachite green (M). 

428 Brilliant green (B). 

433 Guinea green B (A). 

434 Light green SF bluish (B). 

435 Light green SF yellowish (B). 

439 Cyanol extra (C). ■* 

440 New patent blue B, 4B (By). 
44S Magenta (RH). 

451 Methyl violet B (B). 

432 Crystal violet (B). 

462 Add magenta (B). 

464 Acid violet 4BN (B). 

468 Acid violet 4B extra (By). 

476 Methyl Alkali Blue (O). 

480 Water blue (B), 

502 Rhodamine G (B). 

504 Rhodamine B (B). 

510 Fluorescein. 

512 Eosin (B). 

516 Erythrodn G (B). 

517 Erythrosin (B). 

518 Phloxin P (B). 

520 Rose bengal (B). 

523 Rose bengal 3B (M). 

5S4 Safranin, 

601 Soluble indulines. 

650 Methylene blue B, BG (B) . 
655 New methylene blue N (C). - 
667 Quinoline yellow (A). 

692 Indigo carmine. 


Pending further investigation, the United States authorities, in 
conformance to the provisions of the Food and Drugs Act of June, 
1906, have prohibited the use of all coal-tar colours excepting the foEow- 
ing 7, these being permitted provided they are certified to be true 
to name and to be free from mineral and metallic poisons, harmful 
organic constituents, and contaminations due to improper or incom- 
plete manufacture: Amaranth (107), Ponceau 3R (56), Erythrosin 

> The following abbreviations are employed for the names of the firms identified with the 
production ^ certain dyes: B. Badiache Anilin und Sodafabrik. M. Meister. Lucius & 
Bruning (Hochst). A. Actiengesellachaft fdr Anilinfabrikation in Berlin. By. Parben- 
fabrilcen of Elberfeld Co., vorms. F. Baeyer & Co. C. Leopold Cassella & Co., ^atdrfurt, 
K. Kalle ft Co., Biebrich. L. Parbwerke Mflhlheim, vorms. Leonhardt ft Co. C. J. Carl 
J^ger, Barmen. H. Read Holliday ft ^ns, Hudd^neld. O. K. Oehler, Ofienbach. 

VOL. V.— 41 
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(517), Orange I (85), Naphthol Yellow S (4), Light Green SF Yel- 
lowish (435), and indigo disulphoadd{692), the numbers being the 
same as those referred to in the above table. 

For German laws concerning food colours consult “ Vereinbarungen 
UrUersuchung und BeurikeUung von Nahrungs- und GemtssmiUeln Jur 
das Deutsche Reich for French laws^ see Muttelet, Ann. falsifications ^ 
2, 26; for Austria-Hungary (Bd. of Trade Aug. 23, 1906, Abs, J. 
Soc. Chem. Ind.f 1906, 25, 857). In the United States many of the 
individual states have regulated the use of coal-tar dyes, and in Europe 
too there are local laws concerning them. 

For the detection of coal-tar colours in foods 3 general methods 
are in use: First, dyeing wool by boiling the fibre in a solution prepared 
from the substance under examination; second, by extracting the 
colour by means of an immiscible solvent; third, by extracting the 
colour from the dried material by means of an appropriate solvent. 

Method of Dyeing Wool.— This is the simplest and most easily 
applied test, and by stripping and redyeing on a second piece of wool 
serves to isolate the colour in a reasonably pure condition suitable 
for identification tests. Sostegni and Carpentieri (Z. anal, Chcm.^ 
1895, 35, 397) and Arata (Z. and. Chem., 1889, 28, 639) have pub- 
lished the details of the method, the former employing a double 
dyeing and the latter only a single dyeing on wool. 

Take about 50 c.c. of wine or other liquid, or about 30 grm. of 
jam, jelly, or ketchup, or about 20 grm. of syrup or confectionery, make 
up to 100 c.c. with water, acidify with 2-3 c.c. of 10% hydrochloric 
acid, add about 4 sq. in. of white wool (that has been freed from grease 
by boiling in water made faintly alkaline with potassium hydroxide), 
and boil for 10 minutes. Remove the wool from the bath, wash 
thoroughly in hot water, and strip the colour from the fibre by boiling 
in 100 c.c. of water containing 2 c.c. of strong ammonia (sp. gr. 0.9). 
Remove the wool, add enough dilute hydrochloric acid to render the 
bath slightly acid, add a fresh piece of cloth, and again boil for 10 
minutes. In the presence of most coal tar colours except those of a 
basic character the second piece of wool will be dyed. A satisfactory 
second dyeing cannot be obtained with small amounts of sulphonated 
indigo. 

With vegetable colouring matters except sulphonated archil this 
second dyeing gives practically no colour, though when large amounts 
of natural colour are present a dull stain is sometimes observed on 
the second piece of wool. When this occurs the thoroughly dried 
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fibre should be saturated with a few drops of concentrated sulphuric 
acid and allowed to stand for 5 minutes. At the end of this time the 
acid is pressed out with the blunt end of a glass rod and its colour 
noted; Vegetable stains char or discolour under this treatment while 
those coal tar colours which are not decolourised by strong sulphuric 
acid communicate a tint to the latter which remains on dilution with 
water. For the recognition of sulphonated archil see page 636. It 
should also be remembered that some coal tar colours are so altered 
by the acid or alkali employed in the double dyeing test that their 
presence is liable to be overlooked. Notable in this respect is Naphthol 
Green B which is destroyed by boiling with acids, and sulphonated 
indigo which is destroyed by prolonged boiling with alkalies. The for- 
mer should be dyed from a neutral bath and the latter can be identi- 
fied by its behaviour with reagents in the original solution and on the 
first piece of wool. The nitro colours are rendered fainter or decol- 
ourised by mineral acids, and dyes of the triphenylmethane series are 
similarly affected by alkalies. 

The method of dyeing from acid solution will not serve to detect 
basic colours, and when negative results are obtained by it the process 
should be repeated, making the first dyeing from a bath rendered alka- 
line with 2 c.c. of strong ammonia, stripping with boiling 5% acetic 
acid, and redyeing from weak ammonia. It should be remembered 
that the basic colours are rendered fainter or decolourised by alkalies, 
the tint being restored by acetic acid. 

Method of Extraction with Immiscible Solvents, — Loomis 
( 17 . S. Dept. Agr.i Bur, Chem.j Circular 35) has studied the behaviour 
of different colours with immiscible solvents and a review of his work 
indicates that amyl alcohol is the best of these for separating the dyes 
from aqueous solutions. Girard and Dupr^ {Analyse des matieres ali~ 
mentaireSi p. i6g) also employ amyl alcohol and the experience of the 
writer would tend to recommend it. 

If the solution of the substance under examination is rendered alka- 
line with sodium hydroxide and shaken with amyl alcohol in a separa- 
tory funnel, the fusel oil layer on separating will contain any basic 
colour that may be present together with some dyes of weakly acid 
character, though the presence of a basic dye in the amyl alcohol may 
not become evident until a little of it is shaken with dilute acetic acid 
to restore the colour. The amyl alcohol layer is separated and 
evaporated to dryness on a steam bath, this process being hastened by 
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the addition of a little ethyl alcohol from time to time. The residue 
is taken up in hot water and the coltjur fixed on wool from a bath 
weakly alkaline with ammonia in the case of basic dyes, and from a 
neutral or faintly acid bath in the case of weakly acid dyes. The basic 
colours may also be fixed from neutral solution upon cotton mordanted 
with tartar emetic and tannm. 

If the alkaline solution from which the basic dyes have, been re- 
moved is next rendered strongly acid (about 2 N) with hydrochloric 
acid and again shaken with amyl alcohol most of the acid colours will 
be taken up by the solvent, though some, like Add Magenta and 
other highly sulphonated colours will scarcely be extracted at all. 
The presence of a little ethyl alcohol will cause a better extraction of the 
colour. The amyl alcohol layer is separated,- shaken with dilute 
sodium hydroxide to remove the dye, the aqueous layer separated, 
acidified, and the colour fixed on a piece of dean white wool as directed 
on page 642. If the colour remmns in the amyl alcohol after shaking 
with dilute sodium hydroxide, add an equal volume of petroleum ether 
and again extract; if the colour still remains in the amyl alcohol, the 
solvent must be evaporated on a steam bath and a dyeing made from 
the acidified^ aqueous solution of the residue. Amyl alcohol takes up 
very few natural colours from alkaline solution, but on acidifying 
most of these are extracted (see page 633), and when they are present 
the double dyeing (page 642) should always be employed. As a 
general method for detecting add colours in foods the use of immisdble 
solvents is not to be recommended. 

Extraction of the Colour from the Dry Material.— This method 
is commonly employed in conjunction with that of dyeing wool, the 
colour being first extracted by some solvent and then fixed on wool. 
A general solvent for this purpose is 70% alcohol, the substance under 
examination being first reduced to as fine a state of division as possible 
and then macerated and shaken with about an equal volume of the 
alcohol until the colour is sufficiently extracted, this process being 
considerably expedited in the case of acid dyes by the addition of a 
few drops of ammonia. Mixtures of glycerol and water, or glycerol 
and alcohol are also employed as solvents, especially for meat products, 
and acetone is sometimes employed for cereal preparations. 

To separate the colour from the alcoholic solution the latter is 
filtered and then evaporated to about one-third its original volume. 
The residue is made alkaline with sodium hydroxide and shaken with 

» Pof dyeing fluoresceine derivatives the residue should be treated with weak ammonium 
hydroxide and then boiled with wool, 
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amyl alcohol to test for basic colours (page 643), the aqueous layer being 
then acidified and boiled with Vool (page 642). If considerable dis- 
solved organic matter is present, which often stains the wool on boiling 
over a free flame, it is advisable to heat on a steam-bath, replacing 
from time to time the water lost by evaporation. 

Identification of Coal Tar Colours. — In identifying colours 
several facts must be borne in mind and carefully considered before 
arriving at a conclusion. The colour present may be a mixture like 
many of the browns which are compounded from blue, green, yellow, 
red, and orange, or, if a commercial dye were employed, the prevailing 
colour is apt to be modified in shade by admixture of a little of some 
other colour, this practice being known as “mixing to shade (see 
page 440). Impurities such as resins, proteins, caramel, and natural 
stains should not be present on the fibre or in the solution with which 
identification tests are made or the results of these are apt to be 
misleading. In following the schemes mentioned below it is important 
to note the strength of reagents and the time allowed for the reactions by 
the authors, and since the colour changes described by them are in- 
fluenced to a great degree by the amount of dye present, positive 
identifications should only be reported after comparing the reactions 
of the unknown colour to those of a known dye under like conditions 
and with like quantities of colour. Owing to the great multiplicity 
of names existing for the same colours, and the similarity of names for 
different colours (Orange R maybe the sodium salt of either benzene 
a20-j(?-naphthol disulphonic acid R (H), sulpho-^-toluene azo-^- 
naphthol (I) or sulphoxylene azo-|ff-naphthol (B)), it is advisable to 
note the name of the firm manufacturing the particular one in mind. 

Mixed colours can usually be detected by the different degrees of 
ease with which they are dyed on wool. By boiling several small 
pieces of wool separately in the same bath, allowing each piece to remain 
in it for about one minute, and preserving the order in which they were 
used, mixed dyes will be indicated by a gradual change in the colour 
of the fibre from the first to the last. By separating the pieces and 
selecting those containing the predominating amounts of the various 
shades, stripping, and redyeing in the same manner, a fairly satis- 
factory separation of the colours can often be obtained. 

Basic colours may be separated from acid colours by rendering the 
aqueous solution alkaline with sodium hydroxide and shaking with 
two to three separate portions of ether. After separating and evapo- 
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rating the ether, the residue may be taken up in hot water and fixed 
upon wool or upon cotton mordanted* with tartar emetic and tannin. 
The acid colours exhibit great diversity of behavior toward amyl alcohol, 
and a satisfactory separation can often be secured by taking advantage 
of this fact. The alkaline solution from which the basic colours have 
been extracted by ether is shaken with amyl alcohol which takes up a 
number of weakly acid dyes leaving those of more strongly acid charaC' 
ter behind. The extraction with amyl alcohol from alkaline solution is 
repeated with fresh solvent until no more colour is removed. The 
aqueous solution is then neutralized and again extracted with fresh 
portions of amyl alcohol, the fusel oil extracts being kept separate from 
those obtained from the alkaline solution. The aqueous liquid is then 
acidified with acetic acid and extracted in a similar way, this being 
followed by 4 final extractions after the addition of increasing amounts 
of hydrochloric acid. The concentration of hydrochloric acid in the 
aqueous liquid should be at first about N/ 10 , then N/2, then N, and 
finally about 2 N. A few of the highly sulphonated dyes will still re- 
main in the aqueous layer after these successive extractions. The sepa- 
rations secured in this way are not always complete, but in general an 
indication of the proper further treatment is obtained. The dyes may 
be removed from their amyl alcohol solutions either by shaking with 
dilute sodium hydroxide (if necessary after the addition of an equal 
volume of petroleum ether) or, in the case of the strongly acid colours, 
by shaking with water, or by evaporating the solvent on a steam bath. 

Some of the acid dyes like the non-sulphonated nitro-colours and the 
fluorescein derivatives form ether-soluble colour acids, and these may 
readily be separated from other acid dyes by shaking the acidified 
solution with ether. Upon shaking the ether solution of the colour 
acid with dilute ammonium hydroxide the dye will return to the 
aqueous layer and by evaporating this on a steam bath with a piece 
of wool the colour may be fixed on the fibre. 

When the presence of a mixture has been established the best means 
of completely separating the constituent colours for identification can 
only be ascertained by experiment, and the procedure will vary with the 
particular mixture at hand. As an example of such separations, proced- 
ures for the seven colours permitted in the United States (see page 641) 
may be given, the methods being based upon their different chemical 
constitutions and upon a difference in their solubilities in common 
solvents, the procedure applying to the aqueous solutions of the colours. 
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Indigo disulphoacid and Light Green SF Yellowish may be separated 
from Naphthol Yellow S, Ponceau 3R, Amaranth, and Orange I by the 
action of a solution of sulphur dioxide and a little zinc dust, the blue 
and green being converted to colourless leuco compounds while the 
other dyes mentioned are destroyed. After filtering to remove excess 
of zinc dust, the blue or green may be restored in the filtrate by acidify- 
ing with a little acetic acid and boiling. 

Erytbrosin may easily be separated from all the other permitted 
colours owing to the fact that its colour acid is readily soluble in ether. 
On acidifying slightly with acetic acid and shaking with ether in a 
separatory funnel, the erythrosin colour acid passes into the ether 
layer, which may be separated and washed with water containing a 
little acetic acid. On shaking with weak ammonia the erythrosin 
passes into the aqueous layer. 

Orange I may be separated from all the other permitted colours ex- 
cept erythrosin by acidifying slightly with acetic acid and shaking with 
amyl alcohol. The colour acid of Orange I passes into the amyl alcohol, 
which may then be washed with water containing a little acetic acid, 
and on being shaken with weak ammonia water the colour returns to 
the aqueous layer, a distinction from Orange II, which must be 
shaken with dilute sodium hydroxide in order to make the colour 
return to the aqueous layer. 

Ponceau 3R forms a very insoluble barium salt by means of w^hich it 
may be separated from all the permitted dyes except indigo disulpho- 
acid. On adding a solution of barium acetate or chloride to the colour 
solution a flocculent lake containing the Ponceau forms and may be 
filtered off. A considerable excess of the barium reagent favours 
flocculation of the precipitate, which in very dilute solutions containing 
other colours sometimes requires 1-2 hours to form. The lake is 
washed with cold water, dissolved in dilute hydrochloric acid, and the 
colour fixed on wool by boiling in this solution. 

Naphthol Yellow S may be separated from the azo dyes (Orange I, 
Ponceau 3R, and Amaranth) by adding ammonia to the solution, boil- 
ing, and adding bromine water, a few drops at a time, until, after about 
30 seconds^ boiling, only a pure yellow colour remains. The boiling is 
continued for 3-4 minutes to remove excess of bromine, and the 
solution may then be acidified and the Naphthol Yellow S fixed 
on wool. 

Naphthol Yellow S may be separated from Light Green SF Yellowish 
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by acidifying 50 c.c. of the solution with 5 c.c. of 1-5 sulphuric add 
and shaking with amyl alcohol. The amyl alcohol is washed once or 
twice (according to the amount of green present) with 50 c,c. of water 
containing 2 c.c. of 1-5 sulphuric add, and then with 50 c.c. of pure 
water. The yellow passes into the amyl alcohol from the dilute add, 
but returns to the aqueous layer on shaking with pure water. 

Amaranth may be separated from Naphthol Yellow S by acidifying 
50 c.c. of the solution with 5 c.c. of 1-5 sulphuric add and shaking 
with two 25 C.C. portions of amyl alcohol. The yellow is removed by 
the amyl alcohol. 

Indigo disulphoadd may be destroyed in any mixture of dyes by 
treating the boiling solution with a little acetic acid and a few drops 
of 1% sodium nitrite solution. If the amount of indigo is very 
small it may also be conveniently destroyed by boiling with very dilute 
solutions of the alkalies. 

Further means of separating mixed dyes have been given by Rota 
and appear on page 474. 

Schemes for the Identification of Colours.— Several of these 
have already been given, that of Weingdrtner on page 444, Witt’s on 
page 447, Green's page 459, and Rota’s on page 463, and they may be 
employed on solutions of the colour separated from the foodstuff by 
any of the means given above, observing the precautions mentioned on 
page 645, and remembering that these schemes were elaborated with 
solutions containing much more colour than is commonly obtained 
from foods. Many schemes have been published for the identifica- 
tion of dyes on the fibre, references to these having been given on 
page 485. An excellent and systematic method has recently been 
published by A. G. Green (see pages 435 to 438). On pages 540 
to 621 may be found the behaviour of dyes on fibre when treated 
with various reagents. Circular 63,* V, S, Dept. Agri., Bur. Chem.y 
by H. M. Loomis, and “The Indentification of Pjire Organic Com- 
pounds, Vol. Ill, 1910, by S. P. Mulliken, are entirely devoted to the 
identification of coal-tar colours. 

The spectroscope may also be employed for identifying colours, a 
description of this method appearing on pages 435 to 438- More re- 
cently Forman^c {Spektralanalyiischer Nackweis kilnstlicher organischer 
Farhstcffet 1900) has published an elaborate work for the spectroscopic 
recognition of colours. By means of this instrument and according to 
the form of the absorption bands, he divides all colours into groups and 
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sub-groups, the greens into six chief groups, blues into eight, reds into 
six, and yellows into five. Having ascertained the group, the positions 
of the absorption bands in the spectrum are next determined, and this 
with the help of the author’s tables is often sufficient to identify the 
individual colour. In case of doubt the solution is divided into three 
parts, dilute nitric add (1-5) being added to one portion, ammonia 
water (sp. gr, o. 96, 1-5) to the second, and potassium hydroxide (i~io) 
to the third. The colour changes in the solution and also the altera- 
tion in the positions of the absorption bands are observed. All these 
have been noted by the author and by the use of his tables he is able 
to identify all colours except a few of the yellow and brown series 
which are insuffidently characterized by these tests. Of prime impor- 
tance in this work are the nature of the solvent and the strength of the 
solution or the section through which this is observed. The character 
and position of the absorption bands for the same colour are often 
different in different solvents, and the author has recorded these for 
water, ethyl alcohol, and amyl alcohol. The strength of the solution 
also modifies the bands considerably. If it is too weak some of the 
lighter bands are apt to disappear, if too strong the bands often become 
ill -defined and the so-called double bands appear as one. In practice 
it is well to start with a fairly strong solution and gradually dilute until 
the proper definition is obtained. The same effect is secured by the use 
of a triangular cell, which by a forward or backward movement brings 
sections of various depths in front of the slit. 

Flesh Foods. — Sausages, canned goods, and fish pastes are some- 
times coloured, the colours used being red ochre, or some other red 
pigment, cochineal or cochineal lake, carmine, and coal tar dyes such 
as Fuchsin, Diamond Red, Safranin, eosines, ponceaus, Bordeaux reds, 
Benzopurpurin, and various mixtures. Sausage casings are sometimes 
coloured to simulate a smoked appearance. Meat occasionally 
presents an abnormal appearance not due to added colour on account 
of the animal having suffered from acute fever, diseases of various 
kinds, or because of being overdriven or of insufficient bleeding after 
slaughter. Lipochrome is a red colouring matter existing in the tissues 
of fishes, while healthy oysters may exhibit a green colour due to the 
pigment marennin. 

Red ochre may be detected by the abnormal amount of iron in the 
ash. It may also be found by examination of the ground sample under 
a microscope, the particles of pigment becoming visible at a magnifica- 
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tion of 120-160. By mounting in concentrated hydrochloric acid and 
heating over a small flame and subsequently introducing a little potas- 
sium ferrocyanide reagent at the edge of the cover-glass, Prussian 
blue is seen to form as the reagent diffuses inward. 

Cochineal lake is detected by macerating the preparation, previously 
freed from fat by treatment with ether, in water containing about 2% 
absolute HCI, and shaking the strained liquid in a separatory funnel 
with amyl alcohol. The amyl alcohol layer is washed with success- 
ive portions of water to remove the mineral acid and tested for coch- 
ineal with ammonia and with uranium acetate (page 423). The 
metallic base of the lake may be detected in the ash. 

Marpmann (Z. angew. Mikrosk., 1895, page 12) examines a thin sec- 
tion moistened wdth 50% alcohol under the microscope, which usually 
reveals artificial colour, as the natural colour of meat is bleached by 
this treatment. If only traces of dye are present some of the material 
is clarified by xylol and the latter removed by CCl^. On mounting in 
cedar oil the mass, now transparent, reveals the presence of foreign 
colour, fuchsin, carmine, logwood, and archil staining the cell substance 
while acid dyes colour the liquid cell contents. 

Cochineal carmine may be detected by heating 20 grm. of the finely 
ground material with equal parts of glycerin and water on a steam bath. 
Filter and extract the cochineal from the glycerin-water mixture, with 
amyl alcohol, further treatment being the same as just given tmder 
cochineal lake. In many cases 50% alcohol may be substituted with 
advantage for the glycerin-water mixture. 

Coal-tar colours may be extracted from the finely chopped meat 
or sausage casing by digesting with 50% alcohol. On evaporating 
off the alcohol some fat may separate out and this should be removed by 
filtering. The filtrate should be tested by boiling with wool fibre as 
described under general methods, page 642. 

See also: Colour in sausages, O. Klein, Z. Nahr. Genussm.j 1909, l8, 
364; detection of coal tar dyes in sausages, A. Kickton and W. Koenig, 
Z. Nahr.y Gmussm,y 1909, 17, 433; detection of artificial colour in 
sausage casings, T. Merl, Pharm. Cenirh., 50, 215. 

Canned Vegetables. — Copper is commonly used to impart a bright 
green colour to pease, beans, spinach, and Brussels sprouts, and in 
such cases is found in the solid matter alone, the liquor rarely contain- 
ing any of the metal. For its detection and estimation, loo grm. of 
the drained vegetable are placed in a porcelain dish and reduced to an 
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ash at a low red heat. The ash is moistened with strong hydrochloric 
acid, about 25 c.c. of water added, and the whole digested on a steam- 
bath. The solution is filtered and the residue on the filter washed, 
after which the latter is replaced in the dish and ashed a second time 
to consume any un burned carbon. The ash is treated with hydro- 
chloric acid as before, and the filtrate from this solution added to the 
first. Hydrogen sulphide is passed through the combined filtrates 
which have previously been warmed, the copper sulphide that sepa- 
rates is collected on a filter, washed, and finally ignited in a small por- 
celain crucible. The residue is dissolved in a small amount of nitric 
acid and the copper determined iodimetrically -(see Sutton, Volumetric 
Analysis^ 1907, p. 188), by titration with KCN {Ibid.^ page 190), or 
colourimetrically {Ihid.^ page 197). The copper may also be estimated 
in nitric acid extracts of the ash by well known electrolytic methods. 

Occasionally coal tar colours are met with in tomatoes, tomato pastes, 
radishes, and peppers. Vegetables of firm consistency like radishes 
are passed through a sausage grinder and then extracted with 80% 
alcohol. The extract is filtered and the colour fixed on wool by the 
procedure given under general methods page 644. Soft vegetables 
like tomatoes may be reduced to a pulp, enough water added to make 
them fairly fluid, and wool dyed by boiling directly in this mixture accor- 
ding to the General Methods on page 642. 

Noodles, Macaroni, Pastry, Biscuits, Cereal Products, Cattle 
Feed, etc.— Saffron, turmeric, annatto, Naphthol Yellow S, Victoria 
Yellow, Martins Yellow, Metanil Yellow, Orange I, Orange II, Quino- 
line Yellow, the tropaeolines, picric acid, and Tartrazine have been used 
in these products. The detection of artificial colours is complicated by 
the presence of the natural colouring matter of flour and sometimes 
that of eggs. As both of these are soluble in ether a previous extrac- 
tion with that solvent serves to remove a large amount of the interfer- 
ing substances without appreciably affecting the artificial colours. 

The coal tar colours are readily extracted from the finely ground 
material by maceration for about 12 hours with 70% alcohol as 
directed on page 644. 

Reichelman and Leuscher ( 2 . Nahr.’Genusstn,, 1903, 6, 175) heat 
50 grm. of the ground material with 75 c.c. of acetone for one hour 
under a reflux condenser. The acetone is then decanted into another 
flask and distilled. Thirty c.c. of hot water are added to the residue 
and after cooling the mixture is freed from fat by filtering. The 



652 


COLOURING MATTERS IN FOODS. 


filtrate, containing the artificial colouring matter, is tested by boiling 
with wool (page 642) for coal tar colours, and for vegetable colours 
as indicated on pages 632, et. seq, 

Fresenius (Z. Nahr.-Genussm,, 1907, 13, 132) extracts 20-40 grm. of 
the powdered material with ether in a continuous extraction apparatus. 
The ether is removed from the residue by drying in a water oven, and 
it is then shaken for 13 minutes with 120 c.c. of 60% acetone and 
allowed to stand for 1 2 to 24 hours. At the end of that time the mixture 
is filtered and the filtrate heated on a steam-bath to remove acetone. 
The aqueous residue is divided into two portions, one larger than 
the other. To the larger portion sufficient acetic acid is added to 
dissolve any solid matter that has separated, and it is then boiled with 
clean white wool. If the wool is dyed by this treatment the colour 
should be purified by a second dyeing as described on page 642. If 
a negative test is obtained and artificial colour is suspected the bath 
should be made alkaline with ammonia and tested for basic colours as 
indicated on page 643. 

To the smaller portion of the aqueous residue left after removal 
of the acetone, an equal volume of alcohol is added and the mixture 
warmed to dissolve flocks. It is then divided into four parts, one of 
which is reserved for comparison, hydrochloric acid is added to the 
second, ammonia to the third, and stannous chloride to the fourth. 
The natural colour of flour is decolourised by hydrochloric acid, inten- 
sified by ammonia, but is not affected by stannous chloride. Saffron 
acts similarly but is not decolourised by hydrochloric acid. 

Juckenack (Z, Nahr.-Genussm.j 1900, 3, i) shakes one 10 grm, 
portion of the finely ground material with 15 c.c. of ether, and another 
portion with 15 c.c. of 70% alcohol and allows both to stand for 12 
hours. If the ether remains uncoloured or almost so, while the material 
is distinctly tinted, and the alcohol is coloured while the material is 
almost decolourised, a foreign colour is indicated. If both the ether 
and alcohol are coloured, egg colour with or without foreign colour is 
present. A portion of the ether solution treated with dilute nitrous 
add is decolourised in the presence of egg colour alone. If artificial 
colour is indicated the portion treated with ether is extracted with three 
or more fresh portions of the solvent and then shaken with 70% alcohol 
and allowed to stand for 12 hours. It is then filtered, the filtrate 
addified slightly, and boiled with clean white wool. The colour is 
purified as directed on page 642. To detect basic colours the alcohol 
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extract should be rendered alkaline with ammonia and again boiled 
with wool (see page 643), 

Piutti and Bentivoglio {Gaz, chim, ltd., 1906, 36, (II), 385) give a 
method for detecting Martius Yellow, Victoria Yellow, picric add, and 
Metanil Yellow which are prohibited by Italian law, and for distin- 
guishing these from Naphthol Yellow S which is permitted. Fifty grm. 
of the material are boiled with 500 c.c. of water and 2 c.c. of strong 
ammonia water, and after adding 60-70 c.c. of alcohol the boiling is 
continued for 40 minutes. The mixture is filtered and the filtrate 
acidified with 2-3 c.c. of dilute hydrochloric acid after which it is 
boiled with 25-30 grm. of dean white wool. The colour is stripped 
with ammonia and redyed on fresh wool (see page 642), and again 
stripped with ammonia. This last solution is evaporated to dryness 
and the residue taken up in water and filtered. If insoluble matter 
has formed, treat some of it with dilute hydrochloric acid, which in the 
presence of Metanil Yellow gives a violet colouration, and another por- 
tion with ammonium sulphide which with picric add turns brown. 
To a little of the filtrate stannous chloride is added, and when the 
mixture has become colourless this is followed by sodium hydroxide. 
The nitro colours produce a red colouration. Another portion of the 
filtrate is addified with hydrochloric acid which in the presence of 
Metanil Yellow produces a violet colour. If any of these colours are 
indicated the remainder of the filtrate is acidified with acetic add and 
shaken with carbon tetrachloride which extracts Martius Yellow and 
Victoria Yellow, and does not extract picric add, Metanil Yellow or 
Naphthol Yellow S. If the colour is extracted, the carbon tetra 
chloride is separated and shaken with dilute ammonia. The am- 
monia is concentrated and divided into two parts, to one of which, 
after addifying with hydrochloric add, staimous chloride, and then 
ammonia water are added. A rose colouration indicates Martius 
Yellow. To the other hydrochloric add and zinc dust are added 
which in the presence of Victoria Yellow causes a rose-violet coloura- 
tion. 

If the colour is not extracted by carbon tetra chloride the aqueous 
layer is evaporated to dryness, again taken up in water, and the solu- 
tion divided into three parts. One is treated with hydrochloric add, 
with which Metanil Yellow produces a violet colour, the second is 
treated with ammonium sulphide, with which picric add becomes 
red-brown, and the third is heated with zinc dust and ammonia, 
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filtered, treated with zinc dust and hydrochloric acid, again filtered, 
and the filtrate divided into two parts, one of which in the presence 
of Naphthol Yellow S becomes yellow on treatment with potassium 
hydroxide, and the other orange with ferric chloride. 

Turmeric may be detected by extracting the ground material with 
90% alcohol and testing the alcoholic solution with boric add (see 
page 636). 

Saffron may be extracted from the ground material by allowing it 
to stand with 90% alcohol for 12 hours. On filtering and evaporating 
off the solvent from the filtrate the dry residue is treated with a drop 
of sulphuric acid. In the presence of saffron an immediate pure blue 
colour appears which is very fugitive. A drop of concentrated nitric 
acid also produces an immediate blue colour which is even more fugi- 
tive than that given by concentrated sulphuric acid. These colours 
are produced instantaneously and should not be confused with those 
which develop on standing and which are caused by other extractive 
matter. If much of the latter is present it tends to obscure the test 
and the dry residue should then be washed with ether to remove fat, 
after which it is dissolved in a littie dilute alcohol, acidified, and 
shaken with amyl alcohol. The amyl alcohol layer is separated, 
washed once with water and then evaporated to dryness on a steam 
bath, adding a little alcohol from time to time to hasten the evaporation. 
This residue may be tested with sulphuric and with nitric add as 
mentioned above. 

Wines. — These have been considered in Vol. I, pages 177-182. 

The Paris Municipal Laboratory employs three preliminary tests 
for the detection of artificial colour in wines. 

(1) Sticks of chalk are steeped in a 10% solution of egg albumin 
and dried, first in the air and then at 100®, A piece of this chalk is 
scraped to remove excess of albumin adhering to its surface and two 
drops of the wine applied. Genuine wines produce a gray or some- 
times a bluish tint, but there should be no sign of green, violet, or rose 
colour. 

(2) The wine is made alkaline with a solution of barium hydroxide 
and shaken with amyl alcohol. The amyl alcohol is separated and 
then shaken with acetic acid. Basic dyes are indicated by the appear- 
ance of colour in the am)d alcohol either before or after treatment with 
acetic acid. 

(3) Potassium hydroxide (5%) is added to 10 c.c. of wine until the 
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colour becomes green, and then 2 c.c. of mercurous acetate solution 
(20%) are added. The mixture is shaken and filtered. Pure wines 
give a colourless filtrate both before and after acidifying with hydro- 
chloric acid, while the acid coal tar colours tint the filtrate red or yellow. 

Basic dyes may be fixed on wool from the residue left after evapora- 
tion of the amyl, alcohol from the alkaline extraction of the wine. Acid 
dyes should be fixed on wool by the double dyeing method indicated 
on page 642. 

Vegetable colours may be detected by acidifying the wine with 
hydrochloric acid and extracting with amyl alcohol. This should be 
further treated as indicated on pages 632-639, the colours to be 
particularly sought being cochineal, alkanet, and archil (both natural 
and sulphonated). 

Blyth {Foods, their Composition and Analysis, 1903 , page 461) gives an 
elaborate scheme by Gautier for the detection of artificial colour in 
wines which includes many of the less known vegetable colours. See 
also: Detection of Bilberry Juice in Red Wine, Plahl, Z. Nakr- 
Genussm., 15, 262; and Chicory Colour in White Wines, Popescu, 
Ann. chim. anal., 13, loi. 

Brandy, Rum, Wfiiskey, Liqueurs, Cordials, Vinegar, Fruit 
Syrups, Flavoring Extracts. — Caramel is commonly used to colour 
brandy and whiskey and to some extent also the other products under 
this heading, particularly factitious vinegar and vanilla extract. The 
liqueurs may contain either coal tar or natural colours; artificial fruit 
flavours are commonly tinted with coal tar dyes. The brown dyes 
occasionally found in brandy, rum, and whiskey, and the green colours 
of cordials are apt to be mixtures and the methods of detection outlined 
on pages 645 to 648 should be followed. 

Basic coal tar colours may be detected by making the liquid under 
examination alkaline with ammonia and shaking with amyl alcohol, 
diluting the mixture with water if necessary to prevent a mingling 
of the two layers. The amyl alcohol is separated and shaken with 
5% acetic acid. A bright colouration of the amyl alcohol either before 
or after treatment with acetic acid indicates a basic colour. This 
should be confirmed by fixing on fibre as indicated on page 643. 

Add colours are detected by diluting about 20-50 c.c. of the liquid 
with water to reduce the concentration of alcohol or sugar, acidifying, 
and subjecting to the double dyeing method (page 642). . 

Vegetable colours may be tested for directly in such preparations as 
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contain very small amounts of dissolved solids, it being advisable in 
most cases to concentrate by evaporation before applying any tests. 
When sugar and other extractive matter is present the separation with 
amyl alcohol from add solution (page 632) is employed. • Saffron 
may be shaken out of the neutral solution with amyl alcohol, and the 
residue left after evaporation of the latter tested with concentrated 
sulphuric and with concentrated nitric acid (see page 654). This 
last serves as a means of detecting the nature of a common green mix- 
ture composed of saffron and indigo carmine, the saffron being taken 
up by the amyl alcohol in neutral solution while the indigo carmine can 
be fixed on wool by boiling the fibre in the solution left after removal 
of the saffron. 

Chlorophyll is detected as indicated on page 636. 

Tests for caramel have been described on pages 639-^40. In 
applying the Amthor test it should be remembered that the paraldehyde 
mixture has a tendency to precipitate sugar and gums, and these may 
carry with them some natural colour which often gives false indication 
of caramel. Schidrowitz (/. Soc, Chem. Ind.^ 1902, 21, 816) has 
stated that Amthor’s test may show caramel when there is none and 
fail to discover it when actually present (see Vol. i, page 179). In such 
cases the procedure of Woodman and Newhall (page 640) is to be 
recommended. Vanilla extract containing only natural colour, 
when deprived of its alcohol by evaporation and restored to 
its original volume with water, on treatment with an excess of 
basic lead acetate Sind filtering should yield a colourless or 
pale straw-coloured filtrate. In the presence of caramel this fil- 
trate is brown, varying in shade according to the amoimt of caramel 
present. 

For the detection of caramel in spirits the paraldehyde test as 
modified by Lasche {Brewer Distiller ^ May, 1903) and the modified 
Marsh test (Pro. A.O. A. C., 1908) may be mentioned. To 5 c.c. of 
the whiskey contained in a test-tube 10 c.c. of paraldehyde are added, 
followed by absolute alcohol, 2-3 drops at a time, shaking vigorously 
after each addition of the latter until the mixture becomes clear. 
The whole is now set aside for ten minutes when, if a turbidity has 
appeared, caramel is indicated. 

The Marsh test depends upon the solubility in amyl alcohol of the 
colour extracted by spirits from the woOden containers in which 
they are stored. The reagent is prepared by adding 3 c.c. of syrupy 
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phosphoric acid and 3 c.c. of water to 100 cx. of pure redistilled amyl 
alcohol. The reagent should be shaken immediately before using. 
50 c.c. of the whiskey are evaporated just to dryness on a steam-bath, 
and the residue dissolved in 26.3 cx. of 95% alcohol. The solution 
is transferred to a 50 c.c. flask and made up to volume with water. 
25 c.c. of this solution are placed in a separatory funnel and lightly 
shaken with 20 c.c. of the Marsh reagent so as not to form an emul- 
sion. The layers are allowed to separate and the operation of shaking 
and standing repeated twice again. After the layers have completely 
separated for the last time the aqueous solution containing the cara- 
mel is drawn off into a 25 c.c, cylinder and made up to mark with 
50% by volume alcohol. The colour of this solution is compared in a 
colorimeter with that of the 25 c.c. not treated with the Marsh reagent, 
and the proportion of colour insoluble in amyl alcohol calculated. 
With whiskey stored in plain or charred oak barrels this amounts to 
less than 10% but when old sherry casks have been used, it sometimes 
reaches 25%. 

Confectionery. — Owing to the wide range of materials that enter 
into the composition of confectionery considerable discretion must 
be employed in its examination for artiflcial colours and no unvarying 
method can be prescribed. All kinds of colouring matters have been 
used and the water-insoluble material should be examined for pigments 
and lakes in addition to the customary search for the soluble colours. 
Portions of different colour and composition may often be separated 
from each other mechanically, avoiding the subsequent chemical 
separation of mixed colours, and separating water-soluble portions, 
which may be treated directly, from the solid portions which require 
a previous extraction of the colouring matter by means of a solvent. 
Frequently the colour is found confined to a thin outer layer which is 
readily washed off. 

In general the separated material should first be digested with warm 
water and filtered. The filtrate is examined by the double dyeing 
method (page 642), and by extraction with amyl alcohol (page 643). 
The residue is digested with strong alcohol and again filtered. The 
filtrate b heated on a steam-bath to drive off most of the alcohol, 
diluted with a little water and then examined by the same methods as 
the previous filtrate. The residue, if still coloured, may contain 
coloured lakes and should be treated with tartaric, oxalic, or hydro- 
chloric acid to release the colour from its metallic base, after which the 
VoL. V.— 4a 



658 


COLOUiaNG MATTERS IN FOODS. 


dye may be extracted with amyl alcohol as indicated on pages 643 and 
644. Pigments are detected by examining the water-insoluble portion 
of the material (separated by decantation, filtration, or the use of the 
centrifugal machine) under the microscope, or by an analysis of the 
ash, the former generally indicating only the presence, but the latter 
also the nature of the pigment. 

Cane sugar frequently contains a little blue pigment, usually ultra- 
marine, which may be detected by dissolving a large sample in water 
and allowing it to settle for 10 to 12 hours, when the pigment will be 
found on the bottom of the container. 

Candied Fruits and Flowers. — These are quite commonly col- 
oured, such products as maraschino cherries, candied violets, and roses 
almost invariably so. They should be finely divided, digested with 
strong alcohol until the colour has been sufiSciently extracted, and 
filtered. The filtrate is heated on the steam-bath to remove most 
of the alcohol, diluted with a little water, made alkaline with ammonia, 
and extracted with amyl alcohol to detect basic colours (page 643). 
The aqueous layer is th^ subjected to the double dyeing test 
(page 642). 

Tea. — If 20-30 gnn, of the tea be stirred for a few minutes with about 
100 c.c. of hot water and then strained through a 40-mesh sieve, the 
tea being washed upon the sieve with about 200 c.c. of hot water, 
the pigments composing the facing will pass through into the sprained 
liquor and may be collected by allowing them to settle or, better, by 
whirling in a centrifugal machine. Upon examining the sediment 
under the microscope particles of Prussian blue are seen to lose their 
colour when' treated with sodium hydroxide. Indigo is not affected. 
Prussian blue also differs in its appearance, under the microscope, 
being transparent and blue, while indigo has a greenish hue and is 
almost opaque. Talc is seen as irregular, colourless, translucent 
particles. 

Coffee,-^In a manner analagous to the facing of tea various pig- 
ments have been applied to the surface of coffee beans (compare Vol. 
VI. These may be detected by an examination of the ash or by a 
microscopical examination of the sediment obtained by soaking the 
beans . in water, straining through a sieve, and centrifuging or filter- 
ing the strained liquor. Organic colouring matters are extracted by 
treatment with alcohol as described on page 644. 

Coffee essence often contains caramel added to impart a deceptive 
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appearance of strength. This is detected by diluting the essence with 
an equal volume of water, adding an excess of basic lead acetate, and 
shaking. On allowing the precipitate to settle the clear liquid will 
be almost or quite colourless if coffee alone has been used, but will be 
brown or deep yellow in the presence of caramel. 

Cocoa and Spices. — Ground spices sometimes contain pigments and 
lakes, brick dust, charcoal, red sandalwood and other brown and red 
woods, turmeric, and coal tar dyes. The microscope or an examination 
of the ash usually serves for the detection of all except the dyes, though 
the stained tissues sometimes indicate the presence of these also. The 
coal tar dyes are best extracted by means of alcohol as described on 
page 644, the filtered alcoholic solution being subjected to the double 
dyeing process described on page 642. Alcohol alone often suffices 
to extract colours from lakes but sometimes treatment with tartaric or 
hydrochloric acid is required to attack the metallic base (see under 
Confectionery, page 657). 

Winton {Microscopy of Vegetable Foods^ 1906, page 522) boils wool 
directly in a thin paste prepared by mixing the powdered spice with a 
1% solution of potassium acid sulphate. 

Turmeric may be detected in the alcoholic extract by means of the 
boric acid test (page 636). 

La Wall (A nu /. Phatm,^ 1907, 79, 326) mixes 15 c.c. of alcohol with 
2 c.c. of carbon disulphide and adds 2 grm. of the suspected spice. 
The mixture is shaken thoroughly, and then 5 c.c. of meltid lard or 
liquid petrolatum are added and the whole again shaken vigorously 
for several minutes. After allowing the mixture to stand, the alcohol 
layer is separated and tested in the usual way for artificial colour. 

Milk.— Leach (/. Am. Chem. Soc., 1900, 22, 207) takes about 150 
C.C. of milk, adds a small amount of acetic acid and heats in a porcelain 
casserole over a Bunsen flame. By means of a stirring rod the curd 
that forms can nearly always be gathered into one mass, after which 
the whey is simply poured off. If the curd remains in flocks it is 
strained through a sieve or collander. All of the annatto or the coal 
tar dye in the milk so treated will be found in the curd and part of the 
caramel. The curd, pressed free from adhering liquid, is picked apart, 
if necessary, and shaken with ether in a corked flask in which it is 
allowed to soak for several hours, or until the fat has been extracted 
and with it the annatto. If the milk is uncoloured, or has been coloured 
with annatto, on pouring off the ether the curd should be left perfectly 
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white. If, however, a coal-tar dye or caramel has been used, after 
pouring off the ether the curd will be coloured more or less deeply. 
Thus ether extracts annatto along with the fat from the curd, but does 
not extract the coal-tar dyes or caramel. The ether extract containing 
the fat and annatto, if present, is evaporated on a water-bath, the 
residue is made alkaline with sodium hydroxide and poured upon a 
small wet filter, which holds back the fat but allows the aqueous por- 
tion to pass through. On washing off the fat gently under a water tap, 
all of the annatto of the milk used for the test will be found to have 
been concentrated upon the filter, giving it an orange colour. Upon 
applying a drop of stannous chloride solution to the paper a character- 
istic pink colour is produced. 

If the milk has been coloured with an azo dye the coloured curd, on 
applying strong hydrochloric acid in a test-tube will immediately turn 
pink. If caramel is present the acid solution of the coloured curd 
will gradually turn blue. This blue colour forms more readily the 
more thoroughly the fat has been extracted, and is not indicative of 
caramel except when the curd is coloured. Caramel should be con- 
firmed by taking loo c.c. of the original milk and curdling by adding 
100 c.c. of alcohol. The whey is filtered off, and a small quantity of 
basic lead acetate added to it. The precipitate thus produced is 
collected upon a small filter, which is then dried in a place free from 
hydrogen sulphide. A pure milk thus treated yields upon the filter- 
paper a residue which is either wholly white, or at most a pale straw 
colour, while in the presence of caramel the residue is more or less of 
a dark brown colour according to the amount of caramel used. 

Blyth {Foods f Their Composition and Analysis ^ 1903) detects colour- 
ing matters in milk as follows: Sulphonated azo dyes impart a pink 
colour when the milk is treated with hydrochloric acid. Confirm by 
extracting as below and apply the usual tests. 

A piece of filter-paper soaked for 24 hours in the milk made alkaline 
with sodium carbonate takes a brown stain which is changed to pink 
by hydrochloric acid — presence of annatto. Confirm by extracting 
as below and applying the following tests: 

(a) A drop of the colouring matter dissolved in water and made 
alkaline with potassium hydroxide gives an orange stain on filter-paper 
which is changed to pink by stannous chloride. ,(b) A little of the 
residue is dissolved in water containing a little alcohol and a drop of 
ammonia. A bundle of white cotton fibres is introduced and the 
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liquid evaporated nearly to dryness. The fibre is then immersed in a 
solution of dtric acid. It will be coloured rose-red if annatto is present 

Caramel . — Coagulate lo c.c, of the milk by means of acetic acid, 
collect the curd by straining through linen, then place in a white por- 
celain casserole and just cover with strong hydrochloric acid. Treat a 
control sample known to be free from caramel in the same manner — 
a blue-violet colour indicates caramel. 

Oth^r colouring matters may be present or the original presence of 
certain coal-tar dyes may be masked by the sample being partly decom- 
posed, rince it has been shown (Bl3rth, Analyst, 1902, 27, 146) that 
certain coal-tar colours are reduced very rapidly in decomposing milk 
imder the influence of nascent hydrogen set free by the action of 
anaerobic organisms. For the isolation of colouring matters and their 
decomposition products the following method may be used: Take 
at least 60 c.c. of rmlk, carefully add to it weak sodium or potassium 
carbonate solution until it is just alkaline to delicate litmus paper. 
Evaporate the solution to a thin paste on a water-bath. 

(a) Thoroughly extract the paste with ether. This will remove the 
fat and, if the milk was sour, the decomposition products of those dyes 
reduced by nascent hydrogen. Evaporate off the ether and shake the 
fat in a separatory funnel with warm water. Separate the water from 
the fat and evaporate the water to dryness in a porcelain dish; note 
the colour of the residue, pure milk yielding no coloured residue, and 
consult the following table; 

(b) Extract the fat-free residue with boiling alcohol, filter and 
evaporate to dryness in a white porcelain dish. A portion of the 
residue, if yellow or orange, may be taken up with a little N/io acid 
and shaken with ether; this will divide the possible dyes into 2 groups, 
t. e.: (i) The natural colouring matters (annatto, turmeric, saffron, 
etc.), the azo dyes and the nitro dyes which all colour the ether to a 
certam extent. O2) The basic dyes and the sulphonated azo dyes 
which do not colour the ether at all. The sulphonated azo dyes will 
be readfly recognised by striking brilliant colours with the acids, and 
the other dyes may be recognised by the ordinary methods. 
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A. WATER EXTRACT FROM THE FAT. 


Note the colour and apply various reagents to the dry residue. 


Colour of 
residue 

Probable origi- 
nal colouring 
matter 

Add drop of 
ferric chloride 

To the ferric 
chloride add 
strong sul- 
phuric acid 

Other reactions 

Brown 

Acid Yellow, . . 

Dark green. . 

Yellow, green 
on dilution. 


Brown 

Butter Yellow. 

Dark blue- 
green. 

Yellow, green 
on dilution. 

To slightly acid solution of 
the colouring matter add 
a few drops of hydrogen 
sulphide solution, then 
ferric chloride, heat — 
magenta color. 

Brown 

Aniline Yellow, 

Yellow 

Yellow 

Strong sulphuric or hydro- 
chloric acid gives delicate 
violet. 

Yellow 

Martius Yellow 

Red 

Yellow 

Stronge hydrochloric acid 
gives a beautiful rose- 
red color. 

Yellow - . 

Victoria Yel- 
low. 

Red 

Yellow 

Same as Martivis Yellow. 

Rose red 

Methyl Orange 

Fugitive scar- 
let. 

Yellow 

Treat as with butter yellow; 
the solution becomes a 
beautiful blue. 

Browo-red . . . 

Orange IV. . . . 

Green 

Scarlet, green 
on dilution. 

Treat as butter yellow; the 
solution becomes a dirty 
violet. 

Yellow j 

Unreduced dyes, soluble in ether from alkaline solution. 


B. ALCOHOL EXTRACT, COLOURED ORANGE, YELLOW, OR 
BROWN. 

Take up a portion of the residue with dilute sulphuric acid and 
shake with ether. 

(1) Ether dissolves some of the colouring matter: 

Natural colouring matter — 

Annatto. 

Turmeric. 

Saffron. 

Carotin. 

Non-sulphonated acid coal-tar colors, such as 
Aniline Yellow’. 

Butter Yellow. 

Victoria Yellow. 

Martius Yellow. 

(2) Ether does not dissolve the colouring matter: 

Basic coal-tar colours, such as — 

Phosphine. 

Sulphonated coal-tar colours, such as— 

Acid Yellow. 

Methyl Orange. 

Orange IV. 
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Cheese,— The cheese, divided as finely as possible, is boiled with 
alcohol and the mixture filtered. The filtrate is evaporated to dryness 
on a steam bath and the residue treated as under (b) immediately 
above. The basic colours may be separated from the acid dyes as 
indicated on page 645. 

Butter, Oils and Fats.— Butter colours and their detection have 
already been treated in Vol. II, page 308. 

Martin {Analyst^ 12, 70) recommends that 2 parts of carbon disul- 
phide should be gradually added, with gentle agitation, to 15 parts of 
alcohol or wood spirit. Five grm. of the butter to be tested, which 
need not be previously clarified, is shaken with 25 c.c. of the solution 
so obtained. On standing for a few minutes, the mixture separates 
into two layers, the lower of which is a solution of the fat in carbon 
disulphide, while the upper alcoholic stratum will be yellow if any 
artificial colouring matter be present. If the butter be but slightly 
coloured a larger amount should be employed. The alcoholic stratum 
will give a greenish colouration with nitric acid, and a red with hydro- 
chloric add and sugar if saffron be present. A brownish colour with 
ammonia indicates turmeric, and a blackish colouration with silver 
nitrate, marigold. If the alcoholic solution be evaporated to dryness, 
and the residue treated with concentrated sulphuric add, annatto will 
be indicated by a greenish-blue, and saffron by a blue colouration. 
On adding a few drops of boric add solution and again evaporating, 
tunneric will be indicated by a brownish^red colouration, changed to 
blue or green by alkali hydroxides. Dinitro-cresol and dinitro-napthol 
will be detected by treating the residue with ammonia, and adding 
excess of hydrochloric add, when a light yellow crystallme precipitate 
will be formed, soluble in ether. The residue obtained by evaporating 
the ether solution, is soluble in alcohol, and after dilution with water 
the hot solution will dye fibres of silk or wool without a mordant. 

Moore {Analyst, ii, 163) has pointed out that when a butter 
coloured with carotin is dissolved in carbon disulphide and shaken 
with alcohol, as prescribed by Martin, the alcohol remains colourless, 
while the lower layer is deeply coloured; but on adding a drop of 
dilute solution of ferric chloride and again shaking, a gradual change 
is observed, the alcoholic layer becoming distinctly yellow and the 
carbon disulphite solution of the fats quite colourless, or retaining only 
the pale yellow colour due to the natural colouring matter of the butter. 
Excess of ferric chloride -must be avoided. Leach {Food Inspection 
and Analysis, 1909) detects annatto by treating 2-3 grm. of the melted 
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and filtered fat with warm dilute sodium hydroxide. After stirring, 
the warm mixture is poured upon a wet filter using to advantage a hot 
funnel. If annatto is present the filter will absorb the colour, so that 
when the fat is washed off by a gentle stream of water the paper will 
be stained a straw colour. It is well to pass the warm alkaline filtrate 
2 or 3 times through the fat on the filter to insure removal of the 
colour. If, after drying the filter the colour turns pink on applica- 
tion of a drop of stannous chloride solution, the presence of annatto 
is assured. 

Some oil soluble coal-tar colours may be separated from the oil by 
saponifying the latter in the ordinary way and extracting the colour 
from the soap with ether. 

Low (/. Amer. Chem, 1898, 20, 889) places a small amount of 
the melted fat in a test-tube and adds an equal volume of a mixture of 
I part of concentrated sulphuric add and 4 parts of glacial acetic 
add, and while shaking heats nearly to the b, p. On standing until 
the add solution has settled out the latter in the presence of azo 
colours will be found to have acquired a wine-red colour. With pure 
butter fat comparatively no colour will be produced. 

Annatto and saffron may be detected by Cornwall’s method (Bull. 
107 (revised), Bur. Chem., U. S, Dept. Agr.) 5 gnn, of the fat are 
dissolved in 50 c.c. of ether in a separatory funnel and shaken vigor- 
ously with I2“i5 c.c. of a very dilute solution of potassium hydroxide, 
which must still be alkaline after it separates from the ether solution. 
The mixture is allowed to stand a few hours, after which the aqueous 
layer is drawn off and evaporated to dryness. If the aqueous layer is 
not dear it sould not be filtered, since this removes large amounts of 
the colour, but it should be shaken with fresh portions of ether. 
Uncoloured butter treated in this way yields only slightly coloured 
residues. The dry residue is treated with concentrated sulphuric acid 
which in the presence of annatto produces a blue or violet-blue, 
changing quickly to green and finally to brown. Saffron acts similarly 
except that it does not give the green colouration. Vegetable colours 
in general impart a yellow tint to the alkaline solution when treated 
in the above manner. 

Axo Dyes . — If a.grm. of the filtered fat is dissolved in ether and 
shaken in a test-tube with 1-2 c.c. of dilute hydrochloric add, the 
latter on separating will in the presence of some azo dyes be coloured 
pink or wine-red. 



COLOURING MATTERS IN FOODS. 


665 


Comelison (/. Am. Chem. Soc.j 1908, 30, 1478) employs glacial 
acetic acid as a general reagent for detecting artificial colour in butter. 
About 10 grm. of the clear dry fat are melted and weU shaken in a 
separatory funnel with iO“2o grm. of glacial acetic acid (99.5%). 
If the materials are too hot the fat will dissolve, but at about 35® it 
separates quickly and almost completely. The clear add is drawn 
off, and after noting its colour it is tested by adding to i portion of 
5 c.c. a few drops of concentrated nitric add and to another portion a 
few drops of cone, sulphuric acid. The reactions are indicated in the 
following table: 


Colouring Colour of 

matter acid extract 


Cone. HNOj 


Cone. H2SO1 


HsSOi and 
enough ether 
to clear solu- 
tion 


Pure natural but- 
ter (yellow). 

Soudan I 

Butter Yellow . . . 
Cerasin Orange 
G. (Cassella) .... 

Yellow 0 . B. (H. 
&M.) 

YeUow A. B. (H. 
& M. 

Water white 

Decided pink, . . . 
Very faint pink, 
Greenish-y dlow , 
Strong. 

Bright yellow, 
not very strong. 

Warm ochre-yel- 
low, weak. 

Curcumin 

Intense greenish- 
yellow. 

Very faint green- 
ish yellow. 
Brownish -yellow . 

Yellow 

Carrot 

“Alderney butter 
colour" (H. &M.) 

Ranson's butter 
colour (“ vege- 
table"). 

” Dandelion brand 
butter colour 
(" Vegetable"). 

YeUow 



Water white . . . : 

Strong pink. . . , 

Paint pink. .... 

Acid yellow, oil 
glob^e sal- 
mon-piok. 

Acid faint pink, 
oil globule 
salmon-pink. 

Pink, fat colour- ; 
less. 

Little change. . .j 

Dull ochre-yel- 
low. 

Faint yellow — 

Strong pink .... 

Almost decolou- 
rised. 

Almost decol- 
lourised. 


Faint pink after 
a while. 

Strong clear pink. 

Paint piidr 

Same as with 

HNO*. 

Similar to HNOi. ; 


Brownish-pink, 
oil faint pink. 

Faint pink after 
a while. 

Strong pink 

Faint .pink after 
a while. 

Strong pink 

Same as HNOs. 


Same as HNOs. 


Water white 
Pink. 

Fain colour. 
Brownish-yd- 
yellow. 

Pink, 


Pink. 

Very faint yel- 
low. 

Yellow. 

Very faint yel- 
lowish. 


Aniline Yellow (amidoazobenzene) and butter yellow (dimethyl- 
ami noazobenzene) are extracted from oils by shaking the latter in a 
separatory funnel with about half thdr volume of 95% alcohol con- 
taining one-tenth its volume of concentrated hydrochloric acid. The 
alcohol layer is separated, diluted with an equal volume of water, and 
the small amount of oil that separates removed by shaking with light 
boiling petrolic ether. The alcohol layer is again separated, poured 
into a casserole, and solid sodium acetate added to it until the pink 
colour changes to yellow, A piece of wool is then introduced and the 
mixture boiled until the colour is fixed upon the wool. Butter Yellow 
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may be distinguished from Aniline Yellow by saturating a small piece 
of the dyed fibre in weak sodium nitrite solution and then treating it 
with dilute hydrochloric acid (io%). Butter yellow becomes pink or 
red, Aniline Yellow remains yellow. 

Mathewson {Proceedings A. O. A. C., igio, Bulletin 137, U, S. 
Dept. Agri.j Bur. Ckem.) has published the following scheme for the 
separation and identification of oil soluble colours used in foods: 

The colour is obtained in ether solution (see methods given above). 

I. Shake the ether solution with 2% ammonium hydroxide. Am- 
monia solution coloured yellow. 

Neutralize the alkaline extract, shake with ether, evaporate the 
ether, and add to the residue a few drops of alcohol and a little solution 
of stannous chloride in hydrochloric acid, or better a solution of titan- 
ium trichloride. Make strongly alkaline with sodium hydroxide, 
add water to make 15 to 20 c.c. and distill from a small flask until 
7 to 10 c.c. are obtained. If oil is present in the reduced ammonia 
extract shake the alkaline mixture with ether, separate the ether and 
shake the latter with dilute hydrochloric acid. Add an excess of 
sodium hydroxide to the acid solution and distill. The distillate 
contains aniline — Sudan G (A) present. 

II . Shake the ether solution from which the Sudan G has been 
removed, with 8% hydrochloric acid (i volume concentrated hydro- 
chloric acid and 4 volumes water). 

(a) A violet-red colour is readily extracted. 

The dye separated from the extract by neutralizing and shaking with 
ether and then evaporating the solvent gives a red colour in concen- 
trated sulphuric acid. On reduction and distillation as under Sudan 
G, it yields aniline — Benzene-azo-a-naphthylamine present, 

(b) A red colour is extracted with difficulty 

(1) Divide the acid extract into 2 parts. Nearly neutralise i part, 
cool to room temperature, add i drop of 5% sodium nitrite solution and 
allow to stand for a few minutes. Pour the mixture into 15 c.c. of 
5% sodium carbonate solution to which has been added a few drops of 
1% beta-naphthol solution. If a red colour (due to formation of 
Sudan III) is produced, shake the mixture with ether, wash the ether 
solution, evaporate the solvent and test the residue with 85 to 90% by 
volume sulphuric add. An intense green colour is produced — Aniline 
Yellow present. 

(2) Reduce the second portion of the acid extract with a solution of 
stannous chloride or better titanium trichloride. Add an excess of 
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sodium hydroxide and shake with ether. Wash the ether layer with 
water and then shake with 5 to 8 c.c. of dilute (N/ 5) hydrochloric acid. 
Draw off the acid solution and add to it a drop or two or 0.2% ferric 
chloride solution. An intense rose colour changing to blue appears— 
Butter Yellow is present. 

III. Shake the ether solution from which the preceding dyes have 
been extracted, with 12% hydrochloric acid (r volume concentrated 
hydrochloric acid and 2 volumes water). Neutralise the acid extract, 
shake the colour into ether, separate and evaporate the ether layer, 
and reduce and distill the residue ”as given under sudan G. The 
distillate yields a-naphthylamine — Amino-azo-a’napkthaline present. 

IV. Shake the ether solution from which the preceding colours 
have been removed with 5 % potassium hydroxide solution. 

(a) A brownish-red colour is readily extracted. 

On reduction and distillation as under Sudan G, it yields aniline 
— Benzene-azo-a^phthol present, 

(b) A deep red colour is extracted with difficulty. 

(1) On reduction and distillation as under Sudan G it yields a- 
naphthylamine — Sudan Brown (ri) present. 

(2) On reduction and distillation as under Sudan G it yields 
naphthylamine — Beta-naphthalene-azO’a-napkthol present. 

V. The ether solution from which the preceding colours have been 
removed is still deeply coloured. 

Evaporate, add a little alcohol, reduce with stannous chloride and 
hydrochloric acid, make alkaline and distill as under Sudan G. 

(a) Distillate yields aniline. 

(1) A little of the unreduced dry residue from ether solution (V) gives 
a green solution in concentrated sulphuric acid — Sudan III (ri) present. 

(2) A little of the unreduced dry residue from ether solution (V) 
gives a red solution in concentrated sulphuric acid — Sudan I (A) 
present. . Sudan I is also much more soluble in concentrated hydro- 
chloric acid and in alcohol than Sudan III. 

(b) Distillate yields xylidine — Sudan 11 (j 4 ) present. 

(c) Distillate yields a-naphthylamine — Carminaph Garnet (D, H.) 
present. (If Sudan Brown was present it must be completely extracted 
before testing for Carminaph Garnet. This extraction is somewhat 
difficult.) 

Identification of the Amines in Distillates, ^-naphthyl amine. — ■ 
Shake a portion of the distillate with ether and evaporate the ether 
with a trace of furfurol (conveniently in ether solution also), | 5 -naph- 
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thylamine gives an intense purple, a-naphthylamine a yellowish-red, 
and aniline a crimson residue. 

or-Naphthylamine. — ^Treat a mixture of a few decigrms. of sulph- 
anilic acid in about 50 c.c. of water with 2 drops of concentrated 
hydrochloric add and 2 to 3 drops of 5% sodium nitrite solution, the 
sulphanilic add remaining in excess. Add some of this solution to a 
portion of the distillate. If a-naphthylamine is present an intense rose 
colour appears at once. /?-naphthylamine gives a much less marked 
orange colour or turbidity. Aniline and its homologues give no colour- 
ation. If aniline be substituted {or sulphanilic acid in making the test 
a-naphthylamine gives an intense rose colour, a-naphthylamine (in the 
absence of a-naphthylamine) a greenish-brown colouration or turbidity. 

Aniline and Homologues. — Allow the mixture of distillate with 
diazotised sulphanilic acid (see above) to stand for 10 minutes, then 
make alkaline with potassium hydroxide and shake with ether which 
will take up aniline and its homologues if present. Wash the ether, 
shake with very .dilute hydrochloric acid, separate the aqueous layer 
and add to it one drop of 5% sodium nitrite solution. Pour the result- 
ing diazo solution into an excess of 5% sodium carbonate to which has 
been added a few drops of 10% ^-naphthol. A red colour or turbidity 
indicates the presence of aniline or its homologues. Make the solution 
alkaline with sodium hydroxide, shake with ether and wash the ether 
solution with water. Pour into a test-tube and evaporate off the ether. 
Add to the residue 3 to 4 c.c. of concentrated hydrochloric add, heat 
to boiling and add one drop of concentrated nitric add to the solution. 
With the amounts ordinarily present xylene-azo-^-naphthol (Sudan II) 
from xylidine gives a dear yellow colour and benzene-azo-^-naphthol 
(Sudan I) an orange turbidity. The test can of course be applied 
directly to mixtures of the sudans to detect Sudan 1 . 

The amine solution may also be tested with lead peroxide and acetic 
add (Lauthe's test). It should be strongly add with acetic add and 
contain the a min e in such dilution that no colouration appears until 
the mixture has stood some moments. Under these conditions xylidine 
gives a purple colour, aniline a brown passing to red. 

COLOURS OF SOLUTIONS OF DYES IN CONCENTRATED SULPHURIC ACID. 

Aniline-yellow — Yellow. Sudan G (A) — Yeliawish-brown. 

Butter-yellow — Yellow. Ben2ene-a«>*<t-naphthol — Violet, 

Benzene-azo-o-naphthylatnine — Sxxdan brown (A) — Greenish-blue. 

O^ge-ned. 

Amino-aeo- a-naphtha!ine~Blue. d-naphtbaline-axo- a-naphthol — Violet-blue. 

Sudan I (A) — Cnerry-red. Canninaph garnet (D. H,)— Bluish- violet. 

Sudan II (A) — Violet-red, Sudan III (A) — Green. 
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By PERCY H. WALKER, M. S. 

WRITING INKS. 

Writing inks are either coloured liquids, or liquids containing a 
finely-divided precipitate in suspension. 

Ordinary writing ink was formerly always made from a decoction 
of galls, to which copperas was added. Of late, the composition of 
writing inks has become far less constant, aniline and other dyes being 
frequently employed, and other metallic salts substituted for the ferrous 
sulphate formerly invariably used. 

The best black ink is a tanno-gallate of iron, obtained by adding 
an infusion of nut-galls to a solution of ferrous sulphate (copperas). 
The galls contain gallic and gallotannic adds, both of which are 
serviceable. On coming in contact with ferrous salts in concentrated 
solutions, these produce white predpitates which turn black on expo- 
sure to air. With ferric salts, blue-black precipitates are at once pro- 
duced. A small quantity of gum is added to retain the precipitate in 
suspension. To ink intended for copying by pressure a small addition 
of sugar or glycerine is also made. 

Sumac is sometimes used instead of galls, and some of the nut-gall 
inks contain a little acetic add, added as vinegar. 

Some of the gallic inks receive an addition of indigo-carmine or 
indigo dlsulphonic add. Aniline dyes are frequently used as a whole 
or part of the colouring matter of both black and coloured inks. 

Other black inks can be made from extract of logwood; with salts of 
iron the ink is greenish, changing to black on drying; with salts of 
aluminum, violet-black, and with potassium chromate, black. Ammo- 
nium vanadate forms a black ink with gallotannic add. This type of 
ink is frequently stated to be very permanent, but this statement is uot 
correct. Various aniline colours such as nigrosine have been used in 
making black inks. The logwood, chromium, vanadium and aniline 
dye black inks are not resistant to light and are not suitable for use as 
669 
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record inks. Carbon inks such as India or Chinese ink are composed 
of lampblack mixed with glue. Liquid carbon inks are made by 
incorporating lampblack in solutions of gluten, alkaline solutions of 
shellac, or other suitable liquids. These carbon inks are not affected 
by light or chemicals, but they do not generally flow readily from the 
pen and can be removed mechanically from the paper. They are used 
as drawing inks, but not to any extent as writing inks. It is therefore 
safe to assume that the best record black inks are iron gallotannic inks. 

Coloured inks do not usually contain tannic acid; in many in- 
stances they are nothing but solutions of coal-tar dyes. The fol- 
lowing examples will sufl&ce to give a general idea of their com- 
position: 

Red. — Brazil wood, with stannous chloride or cream of tartar and 
alum; cochineal or carmine dissolved in ammonia or sodium silicate; 
cosine. There is no permanent red ink. 

Blue. — ^Prussian blue dissolved in oxalic acid (permanent) ; Aniline 
Blue. 

Violet. — Aniline Violet. 

Green. — Acetate of copper and cream of tartar; Diamond Green. 

Marking inks are all closely analogous in composition, and their 
assay requires no special description. They usually consist of nitrate 
of silver coloured with sap-green, ivory -black, indigo, etc. ; or ammonio- 
nitrate of silver mixed with sodium carbonate, sometimes with sulphate 
of copper added. In Redwood’s ink, tartrate of silver is substituted 
for the nitrate. Reade’s ink is ammonio-tartrate of silver. 

Printing ink is made by suspending lampblack or other pigment in 
linseed oil, with more or less rosin oil, rosin, turpentine, etc. Stamping 
ink, for use with metal stamps, is similar to printing ink; that for use 
with rubber stamps is made up without oil, the vehicle being glycerin 
to which alcohol is sometimes added. 

Invisible inks are such that give visible characters only after a 
chemical treatment of the writing. A solution of lead acetate may 
be used for this purpose, when the writing will become visible on 
exposure to vapours of hydrogen sulphide. Potassium ferrocyanide 
solution will give a writing which can be developed by moistening 
with a dilute solution of an iron salt, A writing which will fade 
away can be made by using an ink prepared from rice starch, water, 
and a few drops of tincture of iodine. The writing may be restored by 
exposing to the vapor of iodine. 
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The following estimations are of value in examining a black writing 
ink: 

For the detection of organic colouring matters^ a portion of the ink 
should be strongly acidified with hydrochloric acid. A blue colour, 
unaffected by the acid, but destroyed on adding bromine water or 
bleaching powder, shows the presence of indigo. If Prussian blue be 
present, the ink will probably turn brown on addition of sodium hydrox- 
ide, and the filtered liquid will give a deep*blue precipitate with ferric 
chloride, after being acidified with hydrochloric acid. A black colour, 
not destroyed by acids or alkalies, nor bleached by chlorine or bromine, 
is pretty certain to be due to finely-divided carbon. An ink prepared 
with ammonium vanadate and galls is turned blue by acids, but is 
unaffected by alkalies. Its colour is altered but not bleached by 
chlorine. Aniline-black is not affected by alkalies, but is turned dark 
green by acids; bleaching powder renders it garnet-red. Logwood 
inks are turned red or yellow by hydrochloric acid, while those con- 
taining galls only are almost wholly decolourised by the same reagent. 

Sp. Gr. ^—Determine with a pyknometer at 15.6®. 

Total Solids/ — Weigh lo grm. of ink in a flat-bottomed platinum 
or porcelain dish, evaporate to dryness on the water-bath, and then 
heat in an oven at the temperature of boiling water for 2 hours; cool in 
a desiccator and weigh. 

Ash/ — Bum the residue from the estimation of total solids at a low 
temperature, preferably in a muffle. In order to avoid loss by foaming 
the dish used should not be too small, not less than 50 c.c. capacity. 

Iron/ — Transfer the ash to a small beaker and dissolve in 15 c.c. of 
hydrochloric acid with the addition of stannous chloride at the tempera- 
ture of the steam bath; reduce by adding stannous chloride, drop by 
drop, to the hot solution until the colour is destroyed, and then add i 
or 2 drops in excess. Wash the reduced iron solution from the 
small beaker into a 6oq c.c. beaker and dilute to about 250 c.c. with 
cold water, add all at once an excess of mercuric chloride, stir, allow to 
stand a minute, and titrate with standard potassium dichromate 
solution. 

Sulphuric Anhydride (SOg)/ — Estimate both iron and sulphuric 
anhydride in the same sample. Place from 10 to 15 grm. of ink in a 
platinum dish, add i to i.g grm. of sodium carbonate previously dis- 
solved in water, evaporate to dryness, ash, extract with water, add 

* Bulletin 109, Revised, Bureau of Chemistry, U. S. Department of Agriculture. 
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bromine water to the extract, boil, render acid with hydrochloric acid, 
boil off the bromine and determme the sulphuric anhydride (SO3) by 
precipitation with barium chloride. Dissolve the insoluble residue in 
hydrochloric acid and estimate iron as described in the preceding sec- 
tion. Or, in case the small amount of platinum (which always goes into 
solution when iron oxide is dissolved by hydrochloric acid in platinum) 
causes trouble with the potassium dichromate method, add sulphuric 
acid, evaporate to fumes, dilute, reduce with zinc, and titrate with 
potassium permanganate. 

Chromitun. — Chromium is not a common constituent in a good 
black ink, but when present it can be estimated in the ash by fusing in 
a nickel crucible with sodium carbonate and sodium peroxide to oxi- 
dise to chromate, dissolving in water and boiling to expel thoroughly 
all hydrogen peroxide, cooling, rendering acid with sulphuric acid, 
adding a measured amount of standard ferrous sulphate and titrating 
the excess of iron with standard potassium dichromate. 

Keeping in Ink Wells. ‘ — Allow the bottle of ink sample to stand 
perfectly still at room temperature for 3 days. Carefully remove 
the stopper without shaking the bottle and draw out about 50 c.c. with 
a pipette from the middle of the bottle. Filter this through a dry 
quantitative filter-paper, exposing it as little as possible to the air, 
and of the filtrate take 25 c.c. in a clear glass bottle (140 mm. high, 
56 mm, in diameter, with a neck 32 mm. in diameter); an 8-oz. salt- 
mouth bottle answers the purpose. Cover the top of the bottle with a 
piece of filter-paper, using a small amount of mucilage or paste to 
stick the paper firmly across the neck. Keep at room temperature and 
in ordinary daylight in a room free from acid or ammonia fumes. 
Let stand for 14 days, noting from day to day whether any 
mould or film forms on the surface and whether any sediment forms 
on the walls or bottom of the bottle. 

Action on Steel Pens. — Immerse steel pens in the ink and leave 
them there for 7 days. Remove the pens each day, dean them, 
and note whether the metal appears corroded; also note whether the 
ink becomes thick. When much corrosion takes place it may be 
advisable to weigh the cleaned pens each day. 

Streak Tests.*— Procure a supply of uniform, good quality, medium 
weight, all-rag writing-paper in sheets 265x200 mm. Stretch a sheet 
of this paper on a smooth board inclined at an angle of 45® and let 

1 Bulletin 109, Revised, Bureau of Chemistry, U. S. Department of Agriculture. 
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flow from a tube, held vertically near the top edge of the paper, 0.6 c.c. 
of the ink. For this purpose use a tube 250 mm. long with a bore of 
about 3.5 mm. and a mark 62 mm. from the lower end. By drawing 
the ink up to the mark and allowing what will to flow out across the 
paper uniform streaks can be made. Make streaks with the undiluted 
inks and with the inks diluted with an equal volume of water. Allow 
to dry and note the penetration, stickiness, and fluidity of the different 
streaks. The ink should penetrate into the fibres of the paper but 
not pass through. The streaks should not be sticky. By carefully 
making the streaks and comparing, a very good idea of the fluidity can 
be formed. A normal ink should give an oval bead to the streak and 
the rest should be nearly uniform in width; a very fluid ink forms a 
streak with wide head which rapidly narrows down. 

Resistance to Sunlight and Reagents. *“Cut the sheets of 
streaked paper into strips about 4 cm. wide, cutting at right angles to 
the streaks. With a lead pencil place identification marks near each 
streak. Cover half of some of the strips with black paper, clamp under 
glass in a photograph frame, and expose to sunlight. Keep the re- 
maining strips in diffused daylight in an atmosphere free from acid or 
ammonia fumes for 8 days. Expose some of these last strips to 
the weather uncovered, using some for tests with reagents and reserv- 
ing others for final comparisons. If the ink is a copying ink, make 
press copies of some of the strips as soon as they are thoroughly dry 
and treat the press copies and the copied original like the other strips. 
Immerse the strips in the reagents used for testing them and observe 
the effect at the end of 15 minutes, 1 hour, and 24 hours. The 
following reagents are used, though of course others may be added: 
(i) Water; (2) alcohol (95%); (3) 90 volumes of water and 10 volumes 
of ammonia (0.90 sp. gr.); (4) 90 volumes of 95% alcohol and 10 
volumes of ammonia (0.90 sp. gr.); (s) hydrochloric acid (2%); (6) 
sodium hydroxide (2%); (7) bleaching powder solution (N/200 
available chlorine). (See insert.) 

The exposure to sunlight should extend over a period of at least 14 
days and if possible longer. 


Standard Ink. 

Since no ink is wholly resistant to reagents and sunlight, it is neces- 
sary to have a standard for comparison. The standard record ink, 

* BhIUHh 109 , Rnistd, Burtau of Cktmistry, V. 5 . Depariment of Agriculture, 
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originally adopted by the Prussian government, has been practically 
adopted by the state of Massachusetts and by the United States 
government. The specification for record ink for the state of Massa- 
chusetts is as follows: 

The ink should have the properties of flowing freely from the pen 
-and making a legible and permanent record. It must be a gallate 
and gallo-tannate of iron ink, not inferiox in any essential quality to 
one properly prepared after the following formula, in which all the 
ingredients are of the quality prescribed by the United States Pharma- 
copoeia, and the percentage of true add present in the sample of 
tannic add used has been determined by the Loewenthal and Schroeder 
method: Pure, dry tannic acid, 23.4 parts, by weight; crystal gallic 
add, 7.7 parts; ferrous sulphate, 30.0 parts; gum arabic, lo.o parts; 
diluted hydrochloric add, 25.0 parts; carbolic add (C. P.), i.o part; 
and water, sufficient to make up the mixture at the temperature of 
15.5°, to the volume of 1,000 parts by weight of water. 

Inks submitted wUl be subjected to the following tests as com- 
pared with the standard ink described above: 

1. A fluid ounce allowed to stand at rest in a white glass vessel 
freely exposed, in diffused daylight, for 2 weeks to the light and air 
at a temperature of 10® to 15.5®, protected against the entrance of 
dust, must remain as free from deposit upon the surface of the ink or 
on the bottom or sides of the vessel. 

2. It must contain no less iron. 

3. It must give as quickly, and after a week’s exposure to diffused 
daylight, as intense a black colour when ^ used upon the standard 
record paper; and the marks must equally resist changes from light, air, 
water or alcohol. 

4. It must be as fluid, flow as well, strike no more than through the 
paper, nor remain more sticky immediately after drying. 

An ink made in accordance with this formula should have a sp. gr. of 
1.036, and should contain not less than 0.60% of iron. 

In preparing this standard ink dissolve the tannin and gallic acid 
together in about 50 parts of warm water, the ferrous sulphate in 
4bout 150 parts of cold water, and the gum arabic in about 150 parts 
of warm water. Allow the warm solutions to cool, add the hydro- 
chloric add to the ferrous sulphate, and immediately mix all the solu- 
tions, and make up to 1 ,000 parts with distilled water. Mix thoroughly 
and allow to stand for a least 4 days at room temperature. Without 
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shaking the bottle draw out the ink to be used in making com- 
parisons. This standard ink will not be of a good colour, but will 
make a dirty grey-green mark which will finally turn black. Schluttig 
and Neumann (Die Eisingallustintien) recommend colouring the 
standard ink to match the ink to be tested by the addition of soluble 
coal-tar dyes. 

Ratings of a number of samples of ink are entirely reladve and of ^ 
course any system may be adopted. For record inks the exposure to 
sunlight is the most important test and the following scheme is used 
in the Bureau of Chemistry, U. S. Department of Agriculture, for 
rating a standard ink: 


Exposure to sunlight 70 

Exposure to reagents 10 

Keeping quality, penetration, stickiness, fluidity, and action 

on steel pens 15 

Composition 5 

Total ICO 


Other record inks are given values above or below the figures for the 
standard ink, as the judgment of the analyst may indicate; thus the 
total for a very good ink may be over 100. 

L. S. Munson^ made an examination of 30 samples of ink represent- 
ing 18 distinct brands and the products of nearly all the large manu- 
facturers in the United States. 27 of the samples were iron-tannin 
inks and 3 were chromate logwood inks. The results of this examina- 
tion are shown in the following table: 

Chemical Examination of Ink Harks. 

In chemico-legal cases it is sometimes of importance to ascertain the 
nature of the ink used, to compare it with specimens of writing of 
known history, and to ascertain the relative ages of the writings. A 
minute inspection should first be made with a magnifying power of 
about 10 diameters, and any peculiarities of colour, lustre, shade, etc., 
duly noted, and where lines cross each other which lie uppermost. 
The examination is often facihtated by moistening the paper with 
benzene or petroleum spirit, whereby it is rendered semi-transparent. 
The use of alcohol or water is inadmissible. 

Valuable information is often obtainable by treating writing or 
y. Amtr, Ckm. Soe. 1906. aa 
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Other ink*marks with reagents. Some inks are affected much more 
rapidly than others, though the rate of change depends greatly on the 
age of the writing. Normal oxalic add (63 grm. per litre), or hydro- 
chloric add of corresponding strength, should be applied to a part of 
the ink marked with a feather or camelhair brush (or the writing may 
be traced over with a quill pen), and the action observed by means of 
a lens, the reagent being allowed to dry on the paper.' Recent writing 
(i or 2 days old) in gallic inks is changed by i application of oxalic 
add to a light grey, or by hydrochloric add to yellow. Older 
stains resist longer, in proportion to their age, and a deeper colour 
remains. Logwood ink marks are mostly reddened by oxalic add, 
and alizarin marks become bluish, but aniline inks are unaffected. 
With hydrochloric add, logwood ink marks turn reddish or reddish- 
grey, alizarin marks greenish, and aniline ink marks reddish or brown- 
ish-grey. The treatment with add should be followed by exposure to 
ammonia vapours, or blotting-paper wet with ammonia may be applied. 
Thus treated, marks in logwood ink turn dark violet or violet-black. 
The age of ink marks very greatly affects the rate of their fading when 
treated with dilute ammonia, the old marks being more refractory. 
The behaviour of ink marks when treated with solution of bleaching 
powder is often characteristic, the older writings resisting longer; but 
unless the reagent be extremely dilute, writings of all ages are removed 
almost simultaneously (R. Irvine, J&ut. Soc. Chem. Ind., 6, 807). 
Hydrogen peroxide acts more slowly than bleaching solution, but gives 
more definite results. After bleaching the marks by either reagent, the 
iron of the ink remains mordanted on the paper, and the mark may be 
restored by treatment with a dilute solution of galls, tannic add, or 
acidified potassium ferrocyanide. The same reagents may be used 
for restoring writing which has faded from age alone. 

When ink marks have been erased or discharged by chemical means, 
traces of the treatment arc often recognisable. After effecting the 
erasure, the spot is often nibbed over with powdered alum or gum 
sandarac, or coated with gelatin or size. The bleaching agents most 
likdy to have been used are oxalic, dtric, or hydrochloric acid, bleach- 
ing powder solution, or add sulphite of sodium. Moistened litmus 
paper will indicate the presence of a free add, and in some cases treat- 

^ Allen mcceeded by thii ^entment is detecting nn nlteimtlon in a receit>t on account m 
wbicb a Sgnn t bad ben ^tenMi to 4. The ad^ mark, at alto a forged gigaature 
tbe fUmp necettitated by the change, faded oat first under treatment with dilute byaro- 
ebUme acid. 
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ment with ammonia fumes will restore the colour. The presence of 
calcium, chlorides, or sulphates in the water in which the paper is 
soaked will afford some indication of bleaching powder or a sulphite 
having been used. Potassium ferro cyanide will detect any iron remain- 
ing in the paper. Exposure to iodine vapour often affords evidence of 
chemical treatment, and other methods of examination readily suggest 
themselves. 

The application of reagents to writing in black ink has been recom- 
mended by W. Thomson for the identihcation of handwriting (C^w. 
News, 42, 32). 

Robertson and Hoffmann {Pharm. Centr., 33, 225) propose a treat- 
ment of written characters with the following reagents in order to 
detect forgeries and alterations: 

I* 3% solution of oxalic acid in water. 

2. 10% solution of citric acid in water. 

3. 2% solution of chloride of lime in water. 

4. Solution of I part stannous chloride in i part of hydrochloric acid 
and 10 parts of water, 

5. 15% sulphuric acid solution. 

6. 10% hydrochloric acid solution. 

7. 20% nitric acid solution. 

8 . Saturated solution of sulphur dioxide in water. 

9. 4% solution of gold chloride in water. 

10. Solution of I part potassium ferrocyanide in i part of hydro- 
chloric acid and 10 parts water. 

1 1 . Solution of I part sodium thiosulphate in i part ammonia and 
10 parts water. 

12. 4% solution of sodium hydroxide. 

These reagents should be applied by means of a quill pen drawn 
over the characters. Their action on a number of different inks is 
given in the following table. The reactions should be observed under 
a power of 100 diameters. 

When characters have been removed by other than chemical means, 
proof may be obtained by means of a photograph taken by transmitted 
light, or by exposing the paper to iodine vapour. The latter process is 
especially useful in cases where, for the removal of the writing, the 
paper has been moistened; these places become blue, the other brovm. 
When the removal has been effected by chemical means, in most cases 
by oxalic acid, chloride of lime and sulphur dioxide, the suspected 
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places are treated with a solution of sulphur dioxide in water, then 
with 3% solution of hydrogen peroxide, and finally with dilute am- 
monia. After the evaporation of the excess of ammonia, good results 
may be obtained with tannin, which darkens the characters. 

Cancelling Inks having an Oil Base/ 

The following methods have been devised for the purpose of ascer- 
taining the suitability of cancelling inks for the use of the Post-Office 
Department, U. S. A, Many of these methods will be foimd of assist- 
ance in passing upon the quality of stamping inks for miscellaneous 
uses. 

It is important that the ink used by the Post-Office Department for 
post-marking possess in the highest possible degree certain properties. 
The ink, first of all, must produce an indelible cancellation; that is; it 
must be relatively indelible as compared with the ink used for printing 
the postage stamps. The postmark made with the ink must dry 
quickly in order that the mail matter may be handled immediately 
without any blurring or smearing of the postmark. Both this property 
and the property of indelibility involve the question of the rate at 
which the ink penetrates or is absorbed by the fibre of the paper. A 
satisfactory ink does not harden or form a crust on the ink pad on 
exposure to the air. There must be no deposition of solid matter on 
the bottom of the vessel in which the ink is stored, and the pigments, 
on which the indelibility of the ink depends, if insoluble, must not settle 
out in such a way as to make it possible to pour off from the top of the 
container a portion of the ink which contains little or none of the 
insoluble pigment or pigments. The following methods have been 
found of value for the purpose of ascertaining the quality of a given 
sample of ink as well as the appropriateness of certain materials used 
for the manufacture of cancelling inks. 

I. Preparation and Care of the Sample. — Since cancelling inks 
contain more or less insoluble and volatile matter, special attention 
must be given to the preparation and care of the sample. It must be 
carefully mixed by shaking before each portion is removed for analysis, 
and the container must be left open no more than is absolutely neces- 
sary for the removal of portions of the ink. 

3. Estimation of Matter Volatile at Ordinary Temperatures.— 

• tog, Rtvistd, Burtau of Cktmiitry. IK S. Dtparm*»l of Agritultur*. 
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Place a carefully weighed quantity (between 5 and 5,2 grm.) of the 
ink in a dat~bottomed aluminum dish 102 mm. (4 inches) in diameter. 
Distribute the ink completely over the surface of the bottom of the 
dish by gently til^g the same. This quantity of ink should be suffix 
cient to completely cover the bottom of the dish. Place the dish on a 
horizontal shelf or table where air will have free access to it and where 
it will be screened in such a way that no dust can fall into it. 

Re-weigh the dish at the end of 18 hours, 24 hours, 2 days, 3 days, 4 
days, 5 days, 6 days, 7 days, 14 days, 21 days, and 28 days. Calculate 
the total percentage loss of weight at the end of each period of drying. 
The loss of weight should be gradual and should not exceed 15% dur- 
ing the first 7 days, nor 25% during 28 days. This test shows the 
absence of highly volatile ingredients and the absence of an excess of 
matter volatile at the ordinary room temperature. The constituents 
of a canceling ink should be such that the volatile matter will not ex- 
ceed the above limits when the ink is exposed under the conditions 
named to a summer temperature of 26.6^ ( 3 o*^ P.) and upward. 

3. Estimation of Relative Penetrating Power.— (a) Apparatus. 

(a) Homxopatblc shell vials about 6 cm. long and 2 to 2.5 cm. in 
diameter. 

(b) Strips of white blotting paper, which for a given series of 
determinations should be cut from the same sheet and of exactly the 
same dimensions. A convenient size is 12 mm. wide and 25 cm. long. 

(r) A pair of dividers with arms 1 5 cm. long or longer. 

A millimetre rule. 


(b) Estimation. 

Place approximately 5 c.c. of the ink or other material to be tested in 
one of the shell vials’’ described, and if several samples are to be 
tested arrange the vials in a row. Place 5 c.c. portions of distilled 
water in each of 2 of the vials, and put one of the vials containing 
water at each end of the row of vials containing samples to be tested. 
Proceeding from left to right, insert a strip of Wotting-paper in each of 
the vials, recording the exact time the paper was placed in each vial. 
The blotting-paper should maintain a nearly upright position. The 
liquids gradually ascend the strips by capillarity; the strips, however, 
should be in such a position that the liquid does not ascend by capil* 
larity between the edges of the strips and the aides of the vials. 
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At the expiration of exactly 15 minutes from the time each strip is 
inserted in the vial, measure the height to which the liquid has ascended 
the strip of paper by means of a pair of dividers and record the distance 
in millimetres. Make a second set of readings at the end of 45 minutes. 

After all of the measurements have been recorded reduce the results 
to the terms of the penetrating power of distilled water, taking the 
penetrating power of distilled water as 100. This is accomplished by 
dividing each result by the average of the results obtained for the dis- 
tilled water contained in the vials and multiplying the quotient by 100, 
10 samples may conveniently be tested at one time working as 
described. The method gives good comparative results, and has been 
applied not only to cancelling and other stamping inks, but to the 
liquids used for the manufacture of these inks. 

In observing the penetrating power of a given sample of ink it is 
important to remember that the value of a cancelling or stamping ink 
depends upon its power to penetrate the paper during the first minute 
or fraction of a minute following its application to the paper. It is 
well, however, to keep the tests under observation for several hours, 
as information can thus be obtained in regard to the extent to which 
the colouring matter contained in the ink follows the liquid base of the 
ink as it passes through the paper. In some cases the colouring matters 
keep pace with the liquid portions of the ink; in others an uncoloured 
band at the top of the portion of the paper which is wet with the ink 
shows that the colouring matter does not proceed through the paper as 
rapidly as the base of the ink. This may or may not be an undesirable 
result. If the colourless band is due to a difference in the rate of pene- 
tration, it is undesirable. If it shows that the dye contained in the ink 
has an affinity for the fibres of the paper, it is evidence of a valuable 
quality. 

Additional infonnarion can be obtained from the penetration test by 
removing the strips of paper from the vials, cutting off the part of the 
paper which has actually been immersed in the ink, and treating the 
upper part suct^ssively with petroleum, ether, alcohol, and other 
solvents for removal of thcconstituentsof the ink soluble in these liquids. 
The extent to which the dye or dyes contained in the ink resist the 
action of these solvents and the extent to which the lampblack has 
passed up the strip of blotting paper are indices of the quality of the ink. 

An examination of the strips with the microscope will give valuable 
information regarding Uie rise of carbon in the paper and the affinity 
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of the dye for the fibres of the paper. With many inks the carbon will 
not rise above the surface of the liquid, while with others it penetrates 
the paper to the same height as the dye. With this class of inks it is 
important that the base of the ink have the power to carry the carbon 
well into the fibres of the paper. 

To make the determination allow the strips to remain in position until 
the next day, remove, dry between blotters, and examine for a rise of 
dye or carbon. If either dye or carbon rises as far, or nearly as far, 
as the base of the ink the rise is pronounced “satisfactory,” Less than 
this is not acceptable except in the case of glycerine inks, which rarely 
give any rise of carbon. A small amount of rise in the latter inks must 
be accepted as satisfactory. To determine whether the rise is carbon 
or simply dye, pick off particles of the paper and adhering ink at inter- 
vals on the strip and mount on slides with water or alcohol. Examine 
w’ith the microscope, using low power; note size of the carbon grains. 
The grains adhere to the outside of the paper fibres in clots, as a rule. 
It is often difficult to distinguish the carbon grains. 

4. Sedimentation Test, (a) Apparatus.— (i) Glass-stoppered 
cylinders, graduated for 200 c.c. and fractions thereof, the distance 
between the bottom and (he 200 c.c, mark being 25 cm. (10 inches). 
If unobtainable, other cylinders may be substituted, marks being placed 
at distances 25 cm. (10 inches) and 16 mm. (io/i6 inch) from the 
bottom. 

(2) A pair of dinders with arms 15 cm, long or longer. 

(3) A millimetre rule. 

(4) Pipettes made from straight tubing (7 mm.), at least 30 cm. 
in length and having a capacity of from 10 to 15 c.c. 

(b) Estimation. — By means of the special pipette introduce care- 
fully, drop by drop, into one of the 200 c.c. cylinders, exactly 16 mm. 
depth of the ink to be tested. The ink should be previously tested to 
determine a proper solvent for both base and dye. Alcohol is generally 
the solvent to use for rosin inks. It may be necessary to use other 
solvents, such as gasoline (b. p., 50® to 60"), ether, benzol, etc. Dissolve 
the ink in the cylinder in the appropriate solvent and dilute up to the 
200 c.c. mark, stopper, and shake thoroughly. Allow the cylinder 
to stand, and record from time to time, by using the dividers and milli- 
metre rule, the height of the top of the layer of sediment which collects 
in the bottom of the cylinder, expressing results in millimetres. During 
the first hour observations should be made atjbtervals of 15 minutes; 
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later, each hour for several hours successively, and then twice daily 
for a week to lo days. 

After the settling of the top of the layer of sediment has entirely 
ceased, the height of the sediment should equal or exceed 16 mm., the 
amount of ink taken for the test. The rate of sedimentation is an 
index of the state of division of the carbon, some mks showing no 
appreciable layer at the expiration of a lo-day test. 

In the case of some inks the supernatant liquid above the sediment is 
of such a dark colour that there is difl&culty in locating the top of the 
sediment, even when the cylinder is inspected by light reflected at 
various angles. In this event, the use of a dark room with a light placed 
so as to give a strong ray through a small aperture will locate the top 
of the layer of sediment in all cases except when the ink contains a 
very large percentage of a dense dye. 

Frequently the layer may be located by holding an incandescent 
electric light at the back of the cylinder and noting where the carbon 
filament cannot be seen. The test is somewhat crude and only ap- 
proximate, but it ser\'es to give an idea of the fineness and amount of 
carbon, and, as a rule, agrees fairly well with the carbon determinations. 

5. Estimatioa of Lampblack. — Load a porcelain gooch with as- 
bestos, using a felt about { inch thick. After washing the felt thoroughly 
with water to remove fine particles, finally wash with alcohol and 
ether, dry, and weigh. Weigh out about 5 grm, of ink in a small 
beaker, dilute with a suitable solvent (alcohol is used in case of rosin- 
oil inks), transfer to a Gooch crucible, and w’ash until all oil and 
soluble colour is removed. Finally, w^ash with alcohol and ether, dr)% 
and weigh. 

Xo one solvent can be used for all oil base inks. The analyst should 
determine the most suitable solvent by tests on separate portions of 
the ink in question. Filtering on a Gooch crucible is sometimes very 
tedious, and better results may frequently be obtained by mixing a 
weighed quantity of the ink in a suitable tube with the solvent, and 
settling out the pigment by whirling in a centrifugal machine. By 
pouring off the clear solvent and repeating the extractions, the solid 
pigment may be finally collected in the tube in which it is w^eighed after 
evaporating off the small amount of solvent w'bich caimot be decanted, 

6. Estimation of Ash,— The lampblacks prepared for the manu- 
facture of cancelling ink yield less than o. 5% of ash when burned, and 
the coal tar dyes employed should contain no mineral matter other 
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than that which is an essential part of the molecules of the substances 
to which the tinctorial power of these dyes is due. 

For the estimation of the ash^ place 2 to 3 grm. of the ink in a porce- 
lain dish, which must be of such size as to avoid loss of ink due to the 
foaming which is likely to attend the beginning of the incineration. 
Heat the dishes thus charged in a mu£Be at a low red heat, until all 
organic matter and uncombined carbon have been burned. Cool and 
weigh. 

If an excessive percentage of ash is found, the percentage of mineral 
matter contained in the alcoholic extract should be estimated by 
incineration of the residue obtained after evaporation of this extract. 
If either the total ash or the ash of the alcoholic extract is high, a 
qualitative examination should be made. 

7. Resistance of Pigments and Dyes to Light and Reagents.-- 
It is necessary in the case of cancelling inks, and important, if not 
necessary, in the case of many stamping inks, that the pigments and 
dyes employed in their manufacture be as resistant as possible to means 
which may be employed for the erasure of marks made by them on 
paper. Under this heading may be mentioned also the importance of 
the use of dyes which possess considerable a 85 nity for vegetable fibres. 
It is not practicable to enumerate the agents which should be employed 
in experiments to ascertain the resistance of a given dye to erasure, as 
light, heat, and all of the solvents and reagents knowm to the chemist are 
available for the use of persons who might desire them for use in assist- 
ing them in making fraudulent erasures. 

For the purpose of cancelling postage stamps, it is necessary that the 
cancelling marks be substantially indelible, because the inks used in 
printing many of the stamps are very resistant. Stamping inks used 
for other purposes, however, do not require absolute indelibility. 

In making the tests use several layers of blotting paper as a pad, 
pour on this a small quantity of the ink and distribute carefully; see 
that all excess has been absorbed by the pad before u^g the stamp. 
Make a sufficient number of impressions at one time to suffice for all 
tests and leave some in reserve. Having made the impressions, 
arrange them in groups according to the colour and kind of ink, and 
rank them according to the following scheme: 

1. Of highest rank. 

2. Very good, but not of the best. 

3. Good. 
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4. Fair. 

5. Poor. 

Having exposed the impressions to the various reagents, as described 
hereinafter, each sample is again rated according to the effect of the 
reagents, as follows: 

1. Unaffected. 

2. Slightly affected. 

3. Much affected. 

4. Almost effaced. 

5. Effaced. 

The wet reagents used are pure water, water with the addition of 
10% of strong ammonia (sp. gr. 0.90), pure alcohol (95%),*alcohol 
with the addition of 10% of strong ammonium hydroxide, 2 % hydro- 
chloric add, and N / 200 bleaching powder. Expose each impres- 
sion in a small Erlenmeyer flask to about 50 c.c. of the reagent for 
24 hours, noting its appearance at the end of 15 minutes, i hour, and 
24 hours. Then rinse dry and rate. 

For the sunlight test expose impressions under glass for 10 days to 
direct sun, rating at the end of the third, seventh, and tenth days. The 
tests with reagents are considered of less use than the other tests, and 
are not always applied. 

RUBBER-STAMP INKS. 

I. Preparation and Care of Sample. — The precautions given in 
regard to the care of samples of inks made with an oil base should be 
observed. 

a. Change of Weight on Exposure to Air.— This estimation 
should be conducted in the manner described for the estimation of 
volatile matter in inks made with an oil base. Rubber-stamp inks, 
however, gain or lose in weight according to the constituents used in 
their manufacture and according to atmospheric conditions. A 
rubber-stamp ink should not, however, undergo very much greater 
changes in weight when exposed to the air under given conditions than 
dilut^ glycerin containing 75% of glycerin and 25% of water by 
volume. 

3. Penetrating Power. — This test should be conducted in the 
manner described for inks made with an oil base. 

4, Sedimentation Test.— This test should be conducted as de- 
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scribed for inks made with an oil base, with the exception that the 
portions of ink should be diluted with water instead of with organic 
solvents. 

5. Estimation of Lampblack and Other Constituents.— A 

scheme of analysis similar to that described for inks made with an oil 
base should be employed. Some experiments will be necessary in 
most cases to ascertain the proper solvent to be used in the case of each 
sample of ink to be exanuned. Alcohol, however, will generally be 
found to be satisfactory for rubber-stamp inks. This test is diflficult 
and can not be carried out without a slight loss. To make the loss as 
small as possible use a very thick felt of asbestos and make the filtration 
continuous — never allow the gooch to run empty; if it does run empty, 
it is generally better to begin all over again. 

6. Resistance to Light and Reagents.— The remarks made in 
regard to the investigation of the resistance of cancellations made with 
oil inks apply in general to cancelling and other inks for use with rubber 
stamps. 

Materials Used for the Manufacture of Cancelling and 
other Stamping Inks. 

1. Volatility and Penetrating Power.— The methods which have 
been described above will be found useful in determining the suitability 
of liquids for use as bases or constituents of bases of cancelling and other 
stamping inks. 

2. Sedimentation Test. — A modification of the sedimentation test 
described may be employed with good results for the purpose of 
ascertaining the suitability of lampblack and other pigments for use in 
the manufacture of cancelling and other stamping inks. The results, 
of course, are mainly of value for purposes of comparison. 

The conditions of the test may be modified to suit the purposes of the 
investigation and the character of the materials to be compared. The 
writer has obtained good results in the compwirison of lampblacks 
and other blacks rich in uncombined carbon by the following method, 
which was so planned that the results might be applied to stamping 
inks made with either a water-soluble base or an oil base: 

Mix 0.5 grm. of the black to be tested in a mortar with dilute glycerin 
(87.5 c.c. of glycerin diluted with water to i litre). Rinse the mixture 
into a 100 c.c. Nessler cylinder and dilute to the 100 c.c. mark, using the 
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same dilute glycerin. After having prepared a series of tubes, each 
containing a portion of one of the blacks to be tested, close each tube 
with a cork and shake thoroughly each tube successively, performing 
the operation as quickly as possible in order that the time of settling 
may be approximately the same in the case of each sample. Allow 
the cylinders to stand at rest in a place free from jar, and record from 
time to time the height of the sediment formed by the deposition of the 
blacks. When submitted to this test, a black which is suitable for the 
manufacture of a cancelling or stamping ink should occupy a volume 
of not less than 25 c.c. when the sediment has stopped settling. 

3. Ash, etc, — Blacks, dyes, and other substances used for the 
manufacture of cancelling and other stamping inks should be carefully 
examined to insure the absence of considerable percentages of substances 
which are not essential to the production of an ink of good quality. It 
can generally be assumed that the presence of considerable quantities 
of any substance which does not actually contribute to the desirable 
qualities of the ink will detract therefrom. Black pigments rich in 
carbon of high sp. gr., due to the presence of a large percentage of ash, 
are highly unsuitable for the manufacture of stamping inks. Only the 
concentrated brands of coal tar dyes should be used, unless the sub- 
stances with which the less concentrated are diluted have been found 
to actually contribute to the working qualities of the ink to be pro- 
duced. 


TYPEWRITER RIBBONS. 

The methods of testing typewriter ribbons given here are those which 
have been used in the Bureau of Chemistry, U. S. Department of Agri- 
culture {Bulklm 109, Revised). 

The important things to be ascertained in a typewriter ribbon are 
length, width, typefilling, character of record (and of copy if it is a 
copy ribbon), life of ribbon, and resistance of record and copy to 
reagents and sunlight. 

Length and width are frequently specified and these should be 
recorded, but the rating should be based entirely on quality. 

Typefilling. — Take a sufficiently long section of the ribbon on a 
suitable typewriter (for wide ribbon use a Remington No. 6 and for 
a narrow ribbon an Underwood No. 5). Carefully clean the small 
letter e, and using the standard paper used for ink testing make 
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records of the small letter e, striking the key with as uniform a stroke 
as possible. Continue writing the letter e until the loop fills so as to 
demand cleaning the type, or until 8000 impressions have been made. 
Ribbons which give 8000 clear impressions are given a maximum 
rating on typefiUing, though the test may be carried as much further as 
may be desired.^ 

Character of record may be determined by examining the sheets 
from the typefiHing test. Note colour, clearness, whether the ribbon 
appears over- or under-inked, and the tendency to smear. If the 
ribbon is a copy ribbon make a press copy of the record and make the 
same observations on the copy and copied original as on the original 
record. 

Life of Ribbon. — For this test the special machine in figure 8 is 
used. The machine has ten type, the letters A, E, I, O, U, both capl- 
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tals and small letters. Each type is mounted on the end of a plunger 
weighing 60 grm. The plunger is raised by a cam and a uniform blow 
Is obtained by allowing it to fall freely for 1.8 cm. The plungers 
fall one after another in a manner similar to that on a typewriting 
machine, except that each type strikes a different part of the ribbon 
from the other type; but the successive blows from the same type fail 
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on the same spot on the ribbon. The cams are operated by a geared 
mechanism which is operated from an electric motor connected to the 
testing machine proper by a belt. When a complete line has been 
struck, the platen roll is moved forward one space automatically. 
The ribbon is clamped firmly at one end and the other end passes over 
a bar and has damped to it a weight of 45 grm., thus insuring a uniform 
tension on all ribbons tested. The paper, in strips 14 cm, wide and 
41 cm. long (5 I / a X 16 mches), or fed from a long roll (as shown in the 
figure), works under the ribbon as in a typewriter. The life of the 
ribbon is measured by the number of lines of writing whfch can be 
made before one or more holes wear in the ribbon, or before one or 
more type fail to make a dear impression. 

Resistance to Sunlight and Reagents.— Cut up the sheets used in 
determining typefilling and character of record, and subject original, 
copy, and copied original to the same tests as to resistance to sunlight 
and reagents that are used on writing inks. Expose to sunlight for at 
least 14 days, or longer if possible. 

Rating. — Length and width are recorded, but are not induded in 
the rating w*hich is based on quality only, the ribbons being marked on 
a scale of 100. 

TypcfiUing is given a maximum rating of 5 and is marked as follows: 


1000 or fewer dear impressions of the small letter e r 

1000 to 3000 clear impressions of the small letter e. ...... . 2 

3000 to 5000 clear impressions of the small letter e 3 

5000 to 8000 clear impressions of the small letter e 4 

8000 or more clear impressions of the small letter c 5 

Character of record is given a maximum rating of 20 

life of ribbon is given a maximum rating of 10 

Resistance to reagents is given a maximum rating of 20 

Resistance to sunlight is given a maximum rating of 45 


CARBON PAPERS. 

The practical testing of carlxin paper consists in making a carbon 
copy, using a good quality of medium weight writing paper, such as is 
used in testing typewriter ribbons, on the spedal machine used for 
testing the life of ribbons. The record is examined in the same maimer 
us the ribbon record and is rated as follows: 


Character of record is riven a maximum rating of 35 

Reabtance to reagents is gi'^cu a maximum rating of 20 

Reristance to sunlighl is pvtn a maximum raring of 45 


Total maximum . 

Vot. V.— 44 
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No test need generally be made of the life of a carbon paper^ since 
when struck in the same place all papers are very soon exhausted, no 
practical difference in this respect having been observed. Of course, in 
actual use a number of impressions can be made since the type seldom 
strike m the same place. 
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Orange, A, OR, OG, N, AO, AOP, 

218 

G, 222 

Paste V, G, 215 

Red, S, 220 

sulpfaonic acid, 208 

Violet, 304 

for violet, 218 

YeUow, 220 

AC, 2 i 3 

— FS, 

BG, R, 140, 143 

Green, 302 

Alkali Blue, 252, 270 

D, 2 S 3 

D, 6B, XG, 270 

• commercial, 253 

Brown, 152 

Green, 270 

Red, 178 

Alkali test, 484 

Violet 6B, 270 

Ydlow, 140 

691 
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Alkanet, 432, 636 

Alkannin, 432 

Alkylated Rosanilines, 256 

Alpine Blue, 270 

Al^ce Green, J, 130 

Amaranth, 150 

Amethyst Violet, 328 

Amino-azobenzcne-azo-d-naphthol, 162 

Aminobenzcne, 205 

Amino resorcinol, 206 

cz-ami nonaphthalene, 205 

cr-amino-O'Daphthol, 206 

/S-amino-O'Daphthoi, 206 

r»~amiootoluene, 205 

^amino^iphenylamine, 205 

^amino-phenol, 206 

Amthor test, 639 

Aniline, 205 

Black, 312 

; tnpaste, 314 

^Blue, 250, 251 

spirit, soluble, 284 

Blues, sulphonated, 251 

Greens, 259 

Orange, 363 

Pink, 323 

Red, 247, 278 

V'^iolet, 324 

Yellow, 134, 360, 363 

Anilino Indulinc, 327 
Anisidine Ponceau, 148 
Anisol Red, 148 
Anisoline, 299, 306 
Annatto, 420, 637 
Antimony in dye colours, 478 
Anthracene Blue S, 220 

WB. WG, WR, 222 

-Brown R, C, 218 

Green, 302 

Red, 186 

Violet, 304 

Y^w, 220 

BX, 158 

Anthracite Black B, 172 
Anlhragallol. 211, 218 
Anthrapurpurin, 211, 218 
Apollo Red, 150 
Archil, 637 

Red, 161 

substitute, 148 

G, 3 VN, extra, 150 

Arnica Yellow, 158 
Arsenic tests for, 478 

in commercial magenta, 249^ 

Atlas Orange, 139 
Atlas Red, 152 
Auramine 0 , 232 
Aonntia, 122, 129 


Aurin, 270 

group, 260 

Auronal Black, 378 
Aurotone, 270 
Austnan bark, 48 
Azarin S, 136 
Azindonc Blue G, R, 328 
Azinc Blue, 327 

Dyestuffs, 316 

Green GB, TO, S, 328 

Scarlet G, 328 

Azo acid Yellow, 139 
Azobenzene Red, t6i 
Azo-Black, 164, 172 
Azo Black Blue, 196 
Azo Blue, 192 
Azo Brown 0 , 148 
Azocarmine B, G, 328 
Azo-colouring matters, 133 
Azococcin 7B, 161, 162 
Azococcine 7B, i68 
Azo Corinth, 196 

Azo-dyes, General Analytical Re- 
actions ol, 203 
Azo-eosin, 150 
Azoflavine, 139, 142, 14^ 

Azo fuchsin B, G, iS4 
Azo-Green, 270 
AzoUtmin, 429 
Azo Mauve, 192 
,\zumgrin, 172 
:\zo Oran« R, 196 
.\zo-orscitlin, 178 
Azophor Red, 203 
Azo-rc(b, 146 
Azorubin S, 150 
Azo Turkey Red, 156 
Azo'\'iolel, 184 
Azoxy colouring matters, 132 
Azo Yellow, 139 
Azuline, 270 
Azurine, 251, 346 

Babool Baxk, 48 
Babool Pods, 51 
Bile Blue, 325 
Barwood. 637 

Basic Colours; Tannin Test lor, 518 
Bask Colours; Transference to Uool 



Bavarian Blue, DBF, 25s, 280 

Bavarian Blue, DSF, 272 

Bavarian Blue, spirit soluble, XL, 27* 

Bengal Blue, 327 

Bengaline, 327 

Ben^dehyde Green, 241 

Benzal Green, 278 
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Beimdine dyestuffs, 176 
Bcdzo-azurin, G, 3G, 184 
Benzo Black Blue G, 186 
Beiuso Black Blue $G, 188 
Benzo Black Blue R, 194 
Benzo>Brown B, G, i6d 
Benzoflavine, 363, 368 
Benzo grey, 

Benzo Inmgo blue, 186 
Benzo Olive, 188 
Benzo Orange R, 180 
Benzo Pure Blue, i88 
Benzopurpurin B, 194, 303 
Benzopurpurin 4B, 177, 193 
Benzopurpurin 6B, 193 
Benzopurpurin loB, 184 
Benzyl violet, 358, 373 
Berberine, 360 

Bicbrich Acid Blue (Kalle), 272 
Biebrich Scarlet, 161, 170 
Biebrich Scarlet A, 162 
Bindschedler's Green, 310 
Bismarck Brown, 163, 166 
Bixin, 430 

Black and Greys, examination of, 

Blackley Blue, 327 

Black Test, 484 

Bleudf Nuit, 284 

Bleu 6uore$ccnt. 343 

Bloom on leather, 4 

Blue biack B, 172 

Blue Colours; examination of, 455 

Blue Shades; examination of, 494 

Bordeaux B, 153 

Bordeaux BX, 168, 170 

Bordeaux, C. 0. V., 178 

Bordeaux Extra, 178 

Bordeaux G, 1 70 

Bradford Blue, 373 

Brandy, Rum, etc., colours in, 655 

Brazilwood, 637 

Brilliant Alizarin Blue, G, OR, R, 
356 

Brilliant Alizarin Blue, G, R, 338 
Brilliant Alizarine Blue, 316 
Brilliant Azurin 5G, 1S4 
Brilliant Black B, 173 
Brilliant Congo G, 178 
Brilliant Congo R, 194 
Brilliant Cotton Blue, 380 
Brilliant Crocein M, 161, 162 
Brilliant Ooceln, 168 
Brilliant Gtader Blue, 382 
Brilliant Green, 343 
Brilliant Hessian Purple, 198 
Brilliant Indutine (Kalle), 33$ 
BHlliant Orange, 139 
Brilliant Ponceau, 150 


Brilliant Ponceau 4R, 152 
Brilliant Purpurin, 192 
Brilliant Yellow, 122, 128, 198 
Brown NP, NPJ, 150 
Brown Shades; examination of, 496 
Buckthorn, 637 

Butter, Ois and Fats; colours in, 663 
Butter Yellow, 135 

Cachoct de Laval, 374 

Caffetannic acid, 7, 34 

Campanulin, 342 

Canaigre, 38 

Canaigre extract, 48 

Canned Vegetables, colours in, 650 

Capri Blue, 318, 342 

Capri Blue GN, 346 

Caramel, 639 

Caramel; Crampton and Simons’ test 
for, 639 

Caramel in Vanilla; Woodman and 
Newalls Tests for, 640 
Carbazol Yellow, 180 
Carbon Papers, 689 
Canninanude, 422 
Carmine Lake, 423 
Carmine Red, 422 
Carminic Acid, 422 
Carmoisine, 150 
Carthamid, 433 
Casan Pink. 288, 306 
Catechin, 28 
Catechol, 51 
Catechu, 33. 412, 637 
Catechu Brown, r66 
Catechu -tannic Acid, 7. 27 
Catechu wood; cutches from, 45 
Catigene Black Brown XB, 80 
Cat! gene Red Brown, 380 
Cattu ilatiano, 380 
Cayota, 37 
Celine Blue B, 346 
0misine, 150 
Cheese, colours in, 663 
Chestnut, 38 
Chestnut oak, 47 
Chestnut- tannin, 7 
Chestnut wood (extract), 43 
Chica^ Orange, 158 
China Blue, 252, 254, 284 
Chloramine Yellow, 372 
Chloranil Violet, 256 
Chlorin, 130 
Chlorophenine G, 372 
Chlorophyll, 636 
Chrome Blue, 255, 273 
Chrome Brown RO, 148 
Chrome Green, 256, 273 
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Chrome Violet, 356 
Chrome Violet (Bayer), 373 
Chrome Violet (Ge^), 363, 373 
Chrome Yellow D, 158 
Chroming of hide powder, 83 
Chromone, 386 

Chromotrope 3B, 8B, loB, sR, 154 

Chromotrope, 6B, 156 

Chrysamine G, 177, 178 

Chrysamine R, 190 

Chrysaniline, 360, 363, 368 

Chrysaiobin, 227 

Chr^^urein, 139 

Chryseo^ 139 

Chj^iodioe, 134 

Chj^rsoidin R, 156 

Chiy^oin, 139, 143 

Ch^jTsoUn, 2p3, 302 

Cho^sophanic Add, 337 

Chrysophenin, 198, 302 

Cin^tannk add, 7 

CinnafflOtt Brown, 163 

Citronin, 128 

Clayton Fast Blacks, 314 

Clayton Fast Greys, 314 

Clayton Wool Brown, 172 

Clayton Ydlow, 143, 374 

Gemantine Girofii, 338 

Cloth Brown, G, R, 180 

Goth Orange, 180 

Goth Red B. G, 3G, 168 

Goth Red 3B extra, 173 

Cocdn, 148 

Cocdnin, 148 

Cocdnin B, 148 

Cochineal, 150, 421, 636, 637 

Cochineal Scarlet 2R, 148 

Cochineal Scarlet 4R, 150 

Cocoa and Spices, cdours in, 659 

Coeruldn, 299, 302 

Coeroldn S, SW, 290, 303 

Coffee; colours in, 658 

Colouring matters; chemical nature of, 

116 

Colouring matters; foreii^n, 47S 
Colouring matters; relaUoni to fibres, 

117 

Compound Shades; recognition of 

constituent dyes of, 520 
Confectionery; colours in, 657 
Tango Brown G, R, tSo 
Congo Corinth B, 193 
^ngo Corinth G, 178 
Congo G, 178 
Congo Grange R, 192 
Congo P, 178 
Congo Pure Blue, 188 
Congo Red 4R, 194 


Congo Red, 177, 178 
Congo Violet, 178 
Congo Yellow, 178 
Copper, 478 
Coralline Aurin R, 274 
Coralline Red, 362 
Coralline Yellow, 262 
Cordne, 346 

Cordne, RR, AB, AR, 346 
Corioflavines, 365 
Coriofiavine G, R, RR, 368 
Cprioflavine GG (Griesheim Elektron), 
368 

Cork bark, 45 
Cotton Blue, 252, 354, 284 
Cotton Bordeaux, 182 
Cotton Orange G, 15S 
Cotton Red, 192 
Cotton Rbodine BS, 302 
Cotton Scarlet, 168, 300 
Cotton Yellow C, 200 
Cotton Ydlow R, 140 
Coupicr^s Blue, 327 
Crampton and Simons, Test for Cara* 
md, 639 

Croedn B, 161, 162, 168 
Croedn, 3B, 168 
Croedn, tBX, 153 
Croedn Orange, 139, 143 
Croedn Scarlet 3B, 160, 168 
Croedn Scarlet 3B, C, 163 
Crocefn Scarlet 7B, 160 
Criimpiall Ydlow, 158 
Crystu Ponceau 6R, 148 
Crystal Violet, 334, 357, 374 
Crystal Violet, 5BO, 0 , 357, 274 
Crythrosin B, 306 
Curcumdn, 238 
Curcumin, 132, 414 
Cutch, «, 43, 412 
Cutch (P<^), 43 
Cudbear, 426, 428, 637 
Cyanine, 359, 366 
Cyanine B, 274 
Cyanol Extra, 374 
Cyanosin, 297, 302 
Cyclamin, 302 
Cypress sumac, 48 
Cyrogene Brown, 380 

Dahua, 256, 378 
Dapboin, 396 
Dati green, 130 
Debit, 49 

Deq> Blue extra R, 345 
Ddphine Blue, 353 
Ddtapnrpurin 5B, 294 
Ddtaputpurin 7B, 192 
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Dextrin, 477 
DUmine Black B, 184 
Diamine Black R, 180 
Diunine Blue B, BB, 182 
Diamine Blue BX, 3B, 194 
Diamine Blue 3R, 184 
Diamine Blue Black E, 184 
Diamine Bronze G, 182 
Diamine Brown V, 182 
Diamine Catechin, x88 
Diamine Fast Red, 183 
Diamine Gold, 170 
Diamine Green B, 182 
Diamine Pure Blue, 188 
Diamine Red 3B, 192 
Diamine Red NO, 182 
Diamine Scarlet B, 178 
Diamine Sky Blue, 184 
Diamine Violet N, 182 
Diamine Yellow W, 190 
Diamioo'bcnzene, 306 
iaminotripbcnylmethane Dyestuffs, 

Diamond j^^k, 172 
DUmondTlavin G, 156 
Diamond Green, 378 
Diamond Green G, 342 
Diamond Yellow G, xs4, 158 
Diamond Yellow R, 154 
Dianil Black, 188 
Dianisidine Blue, 188 
Dianol Red zB, 196 
Dianthin B, 396 
Dianthin G, 304 

Diazobenzene*sulphoaic Acid, 134 
ibromo<^linitro>fluorescetn, 296 
Di^ic add, 7 

M-Dihvdroxy>axobenzene, 135 
Dimethybamino>azo>benzene, 135 
Dimetbylaoiline Orange, 138 
Dimethyl- 0>diamino-benzene, 306 
DimcthylpDenosafraiune, 334 
Dlnitro-a-naphthol, 125 
Dinitro-ot-naphthol-sulphoiucadd, 127 
Dmitrosoresordnol, 131 
Dioxin, 130, 131 
DiphenylaimDe, 205 
Diphenylamine Blue, i$o 
Diphenjdamine Blue spirit soluble, 

374 

DipbenyUimne Orange, X38 
Diphen^bunine Yellow, 141, 145 
Diphenyl Catechin G, 1 74* 

Diphei^ Chrysoin RR, 174 
Diphenyl FmI Brown G, 174 
Diphenylmethane, 23 1 
Diphenyl Orange RK, 139 
Direct Blue B, 186 


Direct Blue R, 194 
Direct Brown J, 168 
Direct Grey, 314 
Direct Grey B, 194 
Direct Grey R, 180 
Direct Red, 190 
Direct Red B, 178 
Direct Violet, 256 
Direct Yellow, 190 
Direct Yellow G, 132 
Divi-divi, 3^ 42, 50 
Doebner’g ^aolet, 239 
Double BrilUant Scarlet G, 3R, 152 
Double Green, 259 
Double Scarlet, 161, 170 
Double Scarlet Extra S, 152 
Dreaper Volumetric Copper method of 
tannin assay, 70 
Duropbenene Brown, 314 
Dyed Fabrics; General R€<^ions of, 539- 
621 

Dyed Fibres; Chemical Examination 
of, 48s , 

Dyed Fibres; Pbydeal, Examination 
of, 482 

Dyed Fibres; Tables of Reactmns of, 
5 “ 

Dyes and Colouring Matters; Classi- 
fication of, 119 

Dyestuffs on Anixoal Fibres; Identi- 
fication of, 489 

Eclepse Red, 102, 380 
Edipse Yellow (Geigy), 376 
Eosin A, yellowish, G extra, GCF, 3J, 
4T, BN safrosin, 302 
Eosm B, BW, BW, BHB, J, 296 
Eosin BB, 297 

Eosin B extra, C, soluble, 295 
Eosin loB, 297, 306 
Eosin Blue-S^e, 296 
Eosin bluish, 304 
Eosin J, 304 
Eosm S, 297 
Eosiu Scarlet, 296 
Eosin Scarlet B, 296, 302 
EUagic add, 6, 23 
Ellagitannic Acid, 7, 23 
Ernemid Green, 242, 274 
Erica, 374 
Eriocpmiiu A, 274 
Erioglaudne, 243 
Eriofflaucine A, 274 
Erymrin Methyl Eosin, 304 
Eiythin X, 16S 
Ei^throsin, 296 
Erjthrosin B, 296, 297, 304 
Eo'tl^tosin D, 296, 304 
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Erythrosin G, 396, 304 
Etxiyl Blue, 251 
£tliyl>eosin, 397 
Ethyl Eo^n Rose JB, 304 
Ethyl Green, 242, 274 
Ethyl Purple 6B, 276 
Ethyl Violet, 276 
Eurhodincs, 320 
European official method of testing 
tannin materials, 71 
Extract; detennina^on of colour 10, 95 
Extraction of the colour from dry 
material, 644 

Fast Aero Blue R, 308 

Fast Acid Ponceau, 156 

Fast Acid Scarlet, 156 

Fast Acid Violet B, AzR, 308 

Fast Acid Violet loB, 276 

Fast Aao-granat, 174 

Fast Black, 346 

Fast Black B, 222, 380 

Fast Black BS, 222 

Fast Blue, 252, 370 

Fast Blue B, R, RR, greenish, 327 

Fast Blue 26, for Cotton, 342 

Fast Biue>Uack, 346 

Fast Blue R, 327, 330 

Fast Brown, 163, 166 

Fast Brown (Bayer), 163, 166 

Fast Brown 3B, 153 

Fast Brown C, 166 

Fast Brown G (Tulmans), 163 

Fast Brown (Meister), 163 

Fast Brown N, 148, 159 

Fast Cot tom Blue B, 342 

Fast Green, 278 

Fast Green extra (bluish), 276 

Fast Green G, 348 

Fast Green J, 242 

Fast Green M, 346 

Fast Green S, 274 

Fast Marine Blue BM, G, CM, RM, 
448 

Fast Mannc Blue GM, 342, 348 
Fast Myrtle Green, 130 
Fast Neutral Violet B, 330 
Fast New Blue for Cotton, 336 
Fast Ponceau, 174 
Fast Ponceau B, 2B, 170 
Fast Red, 152 
Fast Red A, C, D, 150 
Fast Red B, 152, 156 
Fast Red BT, E, 152 
Fast Scarlet, 161, 162, 170 
Fast Violet B, R, 172 
Fast Wool Green (Kalle), 276 
Fast Yellow, 138, 144 


Fast Yellow G, N, extra, 138 
Fast Yellow R, 138, 141, i44 
Fern>tannin, 7 

Ferric Chloride test for tannins, 5 

Fine Blue, 231 

Flavaniline, 359 

Flavaniline, S, 360, 366 

Flaveosin, 362 

Flaveosine, 364, 368 

Flavin, 412 

Flavinduline, 330 

Flavone, 286 

FlaVopheidn, 177, 178 

Flavopurpurin, 213, 218 

Flesh Foms, 640 

Fluoran Dyes, 286 

Fluorescdn, 390, 304 

Fluorescence of cdouring matters, 438 

Fluorescent Blue, 343, 346 

fluorescent Resorcin Blue, 343 

Foods; colouring matter in, 623 

Formyl Violet S 4B, 258, 276 

Fruit colors with amyl alcohol, etc.; 

extraction of, 633 
Fuchsia, 334 
Fuchsine, 247, 278 
Fuchsine S, 268 
Fulling Test, 4S4 
Fustic, 400 
Fustic extract, 637 

Gallahine Bli'e, 345, 348 
GaUanilic Green, 348 
Gallanilic Indigo, 348 
GaUanilic Violet BS, 348 
Gallazine A, 348 
Galtein, ^04 
Gallic acid, 51 
Gallocyamnc, 344, 34$, 348 
Gatloflavin, 218 
Gallotannic acid, 7. ih. 43 
Gallotannic acid, Pclaixe method for 
preparation of, 2 
Gallotannic acid (pure), 51 
Gails, 35 

Galls; Aleppo, 49 
Gaml^ne, 45 
Gambier, 46, 412 
Gambler (cube), 43 
(iambin B, 130 
Gambia R, 230, 131 
Gambtn Y, 230, 231 
Gamboge, 416 
Garouilie, 45 

Gentian Blue 6B, 251, 284 
Gentianine, 356 

Gold Chloride test for Unnini, 9 
Gold Grange, 139 



INDEX. 


697 


Gold Ydlow, 13Q 
Glacier Blue, 376 
Gladn Blue, 

Glydn Coriath, 186 
Glydo Bed, 186 
Green; A. G., Tables, 460, 84g 
Green; A. C.; vegetable dyes on fibres, 
516 

Green colouring matters; examtnation 

Green Powder, 359 
Green Shades; examination of, 495 
Guernsey Blue, 327 * 

Guinea Green BV, 376 
Guinea Violet, 4B, 368 

Helianthin, 138, 141, 144 
Heligoland Yellow, 174 
Heliotrope, 184 
Heliotrope B, 2B, 330 
Heliotrope aB, 186 
Helvetia Blue, 380 
Helvetia Green, 343, 376 
Hemlock bark, 46 
Hemlock (extract), 43 
Hemlock'tannin, 7 
Hessian Blue, 351, 384 
Hessian Brown BB, 180 
Hessian Brown MXl, 194 
Hessian Purple B, D, N, 198 
Hessian Violet, 198 
Hessian Yellow, 198 
Hide Powder, chroming of, 83 
Hide Powder; determination of acidity 
in, 81 

Hide Powder; Schmitz* Dumont sub- 
stitute for, 86 
Hbchst New Blue, 276 
Hodman Violet, 378 
Hui^iarian larch (extract), 43 
Hydrogen peroxide test, 484 
Hydrosulpnite A, B, 490 
Hydroxyketones, 206 

IififloiAt. Buck Group, 377 
Immedial Black, V, N, 377 
Immedial Blue, 377 
Immedial Blue C, 378 
Immedial Bordeaux, 380 
Immedial Indone, 378 
Immedial Maroon B, 380 
Immedial Onnge, 376 
Immedial Pure Blue, 375, 378 
Immedial Yellow, 375 
Immedial Yellow D (CasseUa), 576 
Immedial Ydlow Group, 376 
Imperial Bed, 192, 296 
Imperial Scarlet, 170, 


Imperial Yellow, 139 
Indalicarine Green, 352 
Indalizarin Green, 350 
Indalizarin R, J, 350 
Indalisirine R, J, 35 3 
Indamine Blue B for wool, 330 
Indamiue Blue NB extra, W G, NR, 33 2 
Indamine GG, J, JO, N, NB, N extra, 
K, aR, 3R, 6R, 330 
Indamines, 310 
Indazine M, 332 
Indian Yellow, 139 
Indigen D, F, 327 
Indigo, 384 _ 

Indigo analysis, titanous chloride 
metiod, 400 
Indigo Brown, 389 

Indigo containing yellow colouring 
matter; anaiyris of, 398 
Indigo, extraction by solvents, 392 
Indigo on the fibre; estimation of, 402 
Indigo; oxidization process for, 393 
Indigo Red, 388 
Indigo; reduction; tests of, 399 
Indigo rich in indirubin; analysis of, 
39 * 

Indigo substitute, 327 
Indigo; Synthetic, 390 
Indigo White, 387 
Indigo Yellow, 3^ 

Indigotin disulphonic acid, 388 
Indigotin sulpnonic acid, 387 
Indirubin, 388 
Indochromine T, 316 
Indochromine T (Sandoz), 358 
Indocbromogen S, 314, 316, 358 
Indoln Blue R, 156 
Indoine Blue R, 333 
Indophenin extra, 327 
Indophenol, 311, 314 
Indophenol N, 311 
Indophenol white, 31 1 
Indophenol while (Leuco indophenol), 
3U 

Induline, 333 
Induline 3B, 6B, 337 
Induline Black (Kalle), 332 
Induline Scarlet, 332 
Indulines; Sulphonated, 337 
Ingrain Colours, 118, 202 
Inks, 669 

Inks; cancellii^, having an oil base, 
679 

Inks; coloured, 670 
Ink; invisible, 670 

Ink marks; chemical examination of, 
675 

Ink; Printing, 670 
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Inks; Rubber Stamp, 685 
lok; Standard, 673 
Inks;Writing, 669 
lodeosin, 396 
lodeosin 6, 996, 304 
lodeosin G, 304 
Iodine Green, 259, 278 
Iodine Violet, 378 
Iris Blue, 346 
Iris ^olet, 328 
Irisamine G, 304 
Ironing Test, 484 
Isorubine, 378 

Ja»t, 49 
Janus Red, 174 
Jaune addc, 138 
Jet Black G, 165 
Jet Black R, 165, 173 
Jones; J. R., Tables, 489 

Kamaui, 637 
Ketone Blue 4BN, 278 
Kino, 34 
Kinoin, 30 
Kinotannic add, 7 
KBpbaut bark, 48 

Kn^bt, E, Use df Stannous Chloride, 
478 

Koempfercd, 389 
Koko, 46 

Kruppelboom extract, 47 

Laccaixtc add, 43$ 

Lac -dye, 431, 434 
Lacrooid, 344 
Laevuline Blue, 328 
Lakes; examination of, sjS 
Lancaster Yellow, 140, 143 
Larch t^rfc, 46 
Larch extract, 46 
Larch; Hunpiian (extract), 43 
Lauth's Vkmt, 356 
Leather analysis, 105 
Leather, analyses of, xia 
Leather Brown, 163, 174, 363 
Leather, free add in, 109 
Leather; physical testa on, top 
Leather YeUow, 363 
L^t Green, 259, 380 
Green S, 243 

light Green SF (bluish), 242, 378 

li^t Green SF (yellowi^), 243, 27S 

L^t test, 483 

Lingue*tannin, 7 

liumis, 429 

Logwood, 403, 617 

Logwood on the nbre; detection of, 407 


INDEX. 

London Blue, 2^2 

Loomis, extraction with solvents, 643 
Lupuiotannic add, 7, 27 

Macloun, 409 
Madder, 430 
Magdala, 335 
Magdala Red, 333 
Magenta, 346 
Magenta Roseine, 378 
Magenta S, 249 
Malachite Green, 237, 241, 278 
Malachite Green G, 342, 274 
Manchester Brown, 163, 166 
Manchester Brown, EE, 170 
Mandarin, 143 
Mandarin G, 139 
Mangrove, 39 
Mangrove t»rk extract, 47 
Marine Blue, 353 
Martius YeUow, 126 
Mate-tannin, 7 
Mauve, 324 
Mauve Mauvdne, 333 
Mauveine, 234 
Mekong Yellow G, 190 
Mekong YeUow R, 196 
MeDdoUa*s Blue, 341, 348 
Metamine Blue B, 343, 348 
Metanil Yellow, 138, 141 
Metaphenylene Blue B, 333 
Methods of Estimating Tannins, 85 
Methylalkali Blue, 370 
Methyluiline Green, 259 
MethylaniUne Violet, 356 
Methyl Blue, 351, 380 
Methyl Blue M, 23s 
Methyl Blue for ^ MLB, 373 
Methyl Blue water soluble, 272 
Methyldiptoylamine Blue, 280 
Methyl-eodn, 396, 397 
Methyl Green, 2S9f 
Methyl Oran^, 138, 141, 144 
Methyl Phloxin, 303 
Methyl Violet B, 2B, V3, 256, 380 
Methyl Violet 6 B, 380 
Methyl Videt 6 B, 7B, 372 
Methylene Blue, 3x8, 353 
Methylene Blue B, 356 
Methylene Green, 356, 358 



Mikado Browns, 132 
Mikado Gdden Y^ws, 124 


Mikado Oranges, 132 
MUk; coUmnln, 639 
MUti^ Blue, 334 
MiUing Oran^, 174 
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.MiUizig Yellow, 140, 143; 158 
Mimosa, 39, 372 
Mimosa l»rk, 43 
Mimosa or Watte barks, 48 
Mixed Colours, 645 
Mixtures of dyes, 497 
Morin, 409^ 

Morintannic acid, 7, 409 
Muscarin, 342 
Muscarine, 350 
Myrabolans, 36, 42, 49 

Nankin, 363 
Naphlhdene Red, 332 
Naphthazarin S, 218 
Naphthazine Blue, 334 
Naphlhine Brown a, B, 156 
Naphthionic Red, 148 
Naphthol-azo'bcnzene, B, 136 
Naphthol-axo-naphtbalene, a, 136 
Napbthol Black, 164 
Naphthol Black 3B, 4R, 165 
Napbthol Black 6B, 163, 172 
Naphthol Blue, 31 1 
Naphthol Blue B. 342 
Naphthol Blue Black, 172 
Naphthol Green B, 130, 13 1 
Naphthol Orange, 139 
Naphthol Yellow 122, 125, 128 
Naphthol Yellow a, B, 142 
Naphthol YeUow S, 122 
Naphthylamine; a, 205 
Naphthylamine Black I), 165, 172 
Naphthylamine Brown, 148 
Naphthyl Blue, 325 
Naphthyl Blue 2B, 188 
Naphthyl Red, 334 
Naphthyl Violet, 325, 334 
Naphthylene Red, 170 
Narcein, 140, 143 

Natural tannins; classihcation and 
constitution of, 3 
Navy Blue B, 272 
Neutral Blue, 334 
Neutral Red, 321 
Neutral Violet, 320, 334 
Neutral Wool Blue R (RaUe), 280 
New Blue, 341 
New Blue B, G, 342, 348 
New Blue R, 348 
New Cocdn, i$o 
New Fast Green 3B, 242, 284 
New Fuchslne, 278 
New Green, 278 
New Grey, 314 
New Magenta, 278 
New Methylene Blue GG, GS, 350 
New Methjdene Blue N, 356 


New Methylene Grey, 314 

New Patent Blue B and 4B, 282 

New Pink, 304 

New Red, i 8(5 

New Red L, 170 

New Solid Green BB, 242 

New Victoria Blue A, 280 

New Victoria Blue R, 284 

New Victoria Green, 242, 274, 278 

New Yellow, 138 

New YeUow L, 138 

Nicholson's Blue, 252, 270 

Night Blue, 255, 280 

Night Blue B, 280 

Night Green, 259, 278 

Night Green 2B, 280 

Nigmmine, 336 

Nigraniline, 312 

Nigrisine, 314 

Nigrosine, soluble in water (Kalle), 
336 

Nile Blue A, 342, 350 
Nile Blue 2B, 350 
Nitrazol, 203 
Netroalizarin B, 209 
Nitro-compoun^, 120 
Nitro-diphenylamiDes, 128 
Nitronaphthols, 125 
Nitronaphthol-sulphonic adds, 127 
Nitrosamine Red, 122, 124 
Nitrosonaphthol, 130 
a-Nitroso-^naphthol, 131 
^-Nitroso-a-naphthol, 131 
Non-tans; value of, 83 
Nopalin, 296 

Oak-bask, 42 
Oak; Black, $2 
Oak; Chestnut, 52 
Oak; English, 49, 52 
Oak; Green, 45 
Oak; Indian, $2 
Oak; Pin, 52 
Oak; Scarlet, 52 
Oak; Spanish, 52 
Oak; Swamp V^te, $2 
Oak; White, 52 
Oak; Willow, 52 
Oakwood, 50 
Opal Blue, 251, 252, 274 
Orange I, 142 
Orange II, 139, 142, 146 
Orange No. 3, 140, 143 
Orange IV, 138 
Orange extra, 139 
Orange G, 130, 14* 

Orange GG, GR, 139 
Orange GS, M, MN, 13S 
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Orange 141 
Orange 138 
Orange Red 1 , 132 
Orai^e Yellow, 139 
Orcein^ 427 

Orcellin Deep Red, 15a 
Orcin, 426 
Orcinol, 426 
Orchil, 426 

Orchil, manufacture of, 427 
Orchil Red A, 170 
Oriol Ydlow, 140, 143 
Orseplin BB, 170 
Orseillin 2B, 161, 162 
Oxamine Blue 3R, 196 
Oxaimne Violet, 186 
Ozazines, 340 
Oxazones, 343 
Oxyphenine, 372 
Oxyphcninc Gold, 372 

Pacific Blvf, 282 
Palahne, 150 
Palatine Red, 152 
Palmetto, 39 
Pand PS, 348 
Parafuch^n, 282 
Para Magenta, 28a 
Paramcnotoluene, 205 
Para-nitianiline Red, 154 
Paraphenylene Blue R, 336 
Paraphenylenc Violet, 336 
Pararosaniline, 234 
Para-rosaniline Blue, 250 
Pararofolic Acid, 233, 270 
Parasulphurin S, 178 
Paris Green, 259, 280 
Paris Violet, 256 
Paris Violet 6B, 272 
Parker Method of Fractionation of 
tannins, 3 
Parmc R, 344 
Parme R (Paste), 350 
Patent Blue, 243 
Patent Blue A, 282 
Patent Blue V, 243 

Patent Blue V, N, extra, superhne, 282 
Patent Phosphine, 363 
Pelican Blue, 327 

Peiouze MetM for prep, of gallo> 
tannk acid, 2 
Peonine, 26a, 274 
Perlrin’s purple, 324 
Perrian berry, 637 
Persian Yell^, 140, 143 
Persulphate, 401 
Persulphate solutioD, 317 
Phenaane derivatives, 380 


Phcnetol Red, 148 
Phenocyanine, 350 
Phenocyanine TC, TY, VS, 352 
Pheno^vin, 156 
Fhenolphthalein, 264, 282 
Phenosafranine, 338 
Phenylamine, 205 
Phenyl-anilino-mauveme, 327 
Phenylene Brown, 163, 166 
^Phenylene-diamcne, 206 
Philaddphia Yellow G, 363 
Phlobaphenes, 9, 10 
Phlobhthenes, 83 
Phlobathenes, value of, 83 
Phloroglucinol, 13, 51 
Phioxin, 297, 304, 306 
Phloxin P, 304 
Phioxin T A, 297, 306 
Phosphine, 368 
Ph(»phine, II, N, P. 363 
Phthaleins, 298 
Physical tests on leather, 109 
Picric acid, 122, 123 
Picric acid, estimation of, 123 
Pigment brown, 136 
Poirricr’s Orange III, 138 
Poke Berry, 637 
Polyaio^yestuffs, 176 
Polychromin B, 198 
Pomegrante rind, 50 
Pomegrante* tannin, 7 
Pomona Green, 159, 178 
Ponceau B, 170 
Ponceau G, 150 
Ponceau 26, 148 
Ponceau 4OB, 139 
Ponceau 5PR, 168 
Ponceai| R. 159 
Ponceau 2R, 148 
Ponceau 3R, 148, 150, i(>i 
Ponceau 6R, 152 
Ponceau 3RB, 170 
Ponceau 4RB. j6o, t68 
Ponceau 6RB, 160, 170 
Ponceau RT, 150 
Ponceau S extra, 161, 162, 170 
Ponceau SS extra, t6i, 162, t68 
Potassium dinitro-a-naphthohsulpho* 
nate, 127 

Prescott, comparative table of tannins, 5 
Primeroic i ralcohol, DH, 304 
Primula, 278 
Primuline, 371 
Printing Blue, 327, 328 
Printing Blue, H. R, B, 3^7 
Procatcchutc acid, si 
Procter's modification of Lowenthal s 
method, 61 
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Procter, test for tannins, 40 

Pruim bast, 46 

Prune, 345 

Prune Pure, 344, 350 

Pryronine G, 306 

Purpurin, 218 

Pyramidol Brown, iq6 

Pyramine Orange, 188 

Pyrazolone colouring matters, 133 

Pyrogallol, 51 

Pyrogene Black, 377 

Pyrogene Blue, 378 

Pyrogene Blue, RR, 378 

Pyrogene Brown D, 3^ 

Pyrogene Dark Green B, 380 
Pyrogene Green (B, FB, FF, 2G, 3G), 
380 

Pyrogene Indigo, 378 
Pyrogene Olive N, 376 
Pyrogene Yellow M, 376 
Pyrone, 286 
Pyrone Dyes, 286 
Pyronin B, 306 
Pyronin^G, 288 
Py rosin B, 29O, 304 
Pyrosin J, 304 
Pyrotine RRO, 152 

Quebrachitanxic acid, 7 

^ebracho, 38, 47 

Quercetin, 412 

Quercitannic acid. 7. 24 

(^ercitron, 412, 637 

Quercitron bark, 46, 412 

^inoline, 35S 

Quinoline Biue, 350 

Quinoline Red. 366 

^inolinc Yellow, 360 

^inoline Yellow S (water soluble), 366 

^inoline V>llow, spirit soluble, 366 

^inolinc Yellow, water soluble, 360 

Quinophthalone, 366 

Ratanhia-tannix, 7 
Recognition of tannin materia), quali- 
tativc, 40 

Red colouring materials, examination 
of. 448 

Red Coralline, 274 

Red dyed fibres; examination of, 486 

Red shade; examination of, 493 

Red Violet sR extra, 278 

Red Violet aRS, sRS, 258, 282 

Reduced indigo, 387 

Redwoods, 4x1 

Regina Purple, 282 

Resorcin V«low, 139 


Resorcin Blue, 344, 346 
Resorcin Brown, 163, 166 
Resorcin Green, 130 
Resorcin Yellow, 142 
Resorcinol-azo-benzene, 135 
Resorufin, 343 
Rheonine, 368, 370 
Rhodamine B, 3B, G, G extra, 6G, 12 
GM, 0 , S, 306 
Rhodamine S, 301, 306 
Rhodine, 2G, 12GF, 306 
Rhodinc 3G, 304 
Rhoduline R^ G, B, 336 
Rhoduline Violet, 336 
Ribbons, typewriter, 687 
Roccelline, 150 
Rock Scarlet Y S, 200 
Rosamine, 308 
Rosanilines, alkylated, 256 
Rosaniline Blue, 251 
Rosanzin, 328 
Rosazurin B, 192 
Rosazurin G, 190 
Rose JB, 297 
Rose Bengale, 297, 308 
Rose Bengale, B, 3B, 308 
Rose de Bnezoyl, 156 
Rosindone, 340 
Rosinduline, 2B, 328 
Rosinduline G, 2G, 336 
Rosolan B, R, OT, 336 
Rosolic acid, 282 
Rosolic acid group, 260 
Rota, A. G., analysis of dyestuffs, 464 
Rouge M, r86 
Roxamin, 154 
Rubbing test, 484 
Rubian, 430 
Rubidine, 150 
Rubine S, 249, 268 
Rufigallol, 222 
Rubramine, 336 
Russian Green, 130 

Safflower, 433 
Saffron, 41S 
Safraniline, 306 
Safranines, 321 
Safranine, 336 

Saf ranine AG, AGT, cone., FF extra, 
GOO, extra G, OOF, S T, 
33b 

Safranine B, MN, RAE (Kalle), 33S 
Safranine, extra G, T, 323 
Safrosin, 296, 308 
Satin Denis Red, 198 
Salitannic acid, 7 
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Salmon Red, aoo 
Salt, common, in dyestuffs, 476 
Salt dyestuffs, bleeding test for, 518 
Santalin, 433 

Scarlet 3B, 3R, 4R, S, 161 
Scarlet G, GR, R, 150 
Scarlet 26, GT, R, 3R, 148 
Scarlet LJJ, V, BB, 2g6 
Scarlet R, 148, 150 
Scaxiet 6R, 152 
Scarlet S B, 1.62 

Schemesforidentificationof colours, 648 
ScbmiU- Dumont substitute for bide 
powder, 86 

Seeker, Albert F., colouring matter in 
foods, 623 
Setocyanine, 283 
Seto^ucine, 284 
Seyda test for tannins, 9 . 

Silk, dyes on, 513 to 515 
Silver tree extract, 47 
Slocline BS, RS, 327 
Smaragdgreen, 242 
Sodium acetate, 491 
Sdid green, 130 
Solid Green J, JJO, 242 
S<did Violet, 348 
Soluble Blue, 252, 284 
Soluble Blue, 6B, 327 
Soluble Blue 8B, loB. 280 
Soluble Blue XG, 370, 284 
Soluble Primrose. 290 
Sduble Regina Violet, 284 
Soudan I, II, 136 
Soudan 111, 162, 166 
Soudan brown, 136 
Spanish saffron. 637 
SpQler, J.,identi&:ationof dyestuff8,47^ 
Spirit Blue, 251, 284 
Spirit Eosin, 297, 304 
Spirit induline (Rule), 338 
Si^t ni^rosine (Kalle), 338 
Spirit Pnmrote, 297 
Spirit Violet, 284 
Spirit Ydiow, 134 
Spirit Ydlow R, 156 
Stanbouse-PTOctor claiwifiration of tan- 
nins, 6 

Stannous chloride, add, 517 
Starch, 478 

Stiasny test for tannins, 8 
Stilbene Red, 196 
Stoviiw test, 4^ 

Stri{^ng test for add cdonrs, 518 
Snwtantive dyes, ti? 

Sugar, 477 
Sugar bush bark, 47 


Sugar-content of tanning materials, 
estimation of, 100 
Sulphamine Brown A, B, 156 
Sulphanil Yellow, 178 
Sulphide colours, lead acetate, (test for, 
518 

Sulphonated azo-compounds, 136 
Sulphone Azurin, 182 
Sulphur Black T extra, 377 
Sulphur dyes, 370, 374 
Sumac 37, 49» 637 
Sumac, adulteration of, 100 
Sumac-tannin, 7 
Sun yellow, 132 

Talwaan extract, 48 
Tan liquors, acidity of, 97 
Tan liquor^ examination, 96 
Tannin, animal, 7 
Tannin from animal sources, 27 
Tannin assay, Dreaper volumetric cop- 
per method, 70 

Tannin assay, oxidisation method, 60 
Tannin assay, Yorkshire . College 
method, 63 

Tannin HeliotroM, 330 
Tannin material, European official 
method of testing, 71 
Tannin materials, quality recognition, 

40 

Tannin substitutes, 100 
Tannins, i 

Tannins, assay of, 55 
Tannins, extraction of, 2 
Tannins, ferric chloride test for, 5 
Tannins, ^d chloride test for, 9 
Tannins, head test for, 6 
Tannins, methods of estimation of, 5 
Tannins, Parker method of fractiona- 
tion of, 3 

Tannins, Procter test for, 109 
Tannins, Seyda test for, 9 
Tannins, Staisny test for, 8 
Tartrazin, 133 

Tea, assay of, for tannin, 88 
Tea, colours in, 658 
Terra CotU R, 154 
Tetrabrom<Mlichloro-6aoresceln, 296 
Tetrabromduorescein, 294 
Tetrmiodofluoresccln, 296 
Tetramethyldiaminobenaophenone 
(Michler's ketone) 355, 
Tetraio- browns. 163 
TetraioKmlouring matters, 133 
Tetraxo Dyes, 160, 261 
Teugab bark, 45 
Thann leal, 45 
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Thiazines, 340, 353 
Tbiazole dyes, 370 
Thiazoie Yellow S, 374 
Thiocwminc R, 356 
Thiocarmine R (Cassella), 358 
Thiogene Dark Red, 380 
Thiogene Purple, 3S0 
Thion Yellow (Kalle), 376 
Thionine Blue G, 0 extra, 356 
Thiopheaol Black T extra, 377 
Thiophosphene J, 372 
Thioxine Blacks (GBOOO, 3BOOO, 
RT000),378 
Thioxine Orange, 376 
Thioxine Yellow G, 376 
Thom tree, 47 
Tintometers, 439 
Toluidine, 205 
Toluidine Blue 0, 356 
Tolusaf ranine, 338 
Toluvlene Blue, 310 
Tolylene Blue, 310 
Tolylene Blue B for cotton, 338 
Tolylene Brown, 166 
Tolylene Brown G, 188 
Tolylene Orange G, R, 190 
Tolylene Orange RR, 188 
Tolylene Red, 310, 321, 334 
Tolylene Yellow, 174 
Tormentil-tannin, 7 
Triaminotriphenylmethane Dyestuffs, 

344 

Trianisoline, 306 
Trib vdroxyanthraquinones, 2 1 1 
Triphenylmcthane dyes, analytic prop- 
erties of, 26s 

Triphenylparosaniline, 234 
TripbenylrosanUinedisulphonic add, 

353 , ^ . 

Triphenylrosanilinemonosulpbonic ac- 
id, 252 

TripbenylrosaiuliDetnsulphonic acid, 

*S4 

Tropcolin D, G, 00, 138 
Trcqueolin O, OCX) No. 2, R, 139 
Tropcolin Y, 142 
Turmeric, 413, 636, 637 
Turwar b^k, 45 

Uuco-TANNtc add, 7 
Urania Blue, 336 
Uranin, 202, 304 
UrwlD, ^ DD,3I4 

VatoNiA, 37, 43» 50 
Valonia-Uimia, 7 
Vat Dyet, S34 


Vegetable colours on wool, mordanted 
with tin salts, reactions of, 
634 

Vegetable fibres, identification of dye- 
stuffs of, 516 
Vermilionette, 296 
Vert lumi^re, 278 
Vesuvine, 163 
Victoria Black B, 172 
Victoria Blue B, BS, R, 255, 284 
Victoria Green 3B, 242, 284 
Victoria Red, 192 
Victoria Violet 4BS, 156 
Victoria Yellow, 122 
Vidal Black for cotton, 377 
Vidal Black S for cotton, 377 
Vidal Black Group, 376 
Violamines, 301 
Violamine B, 3B, R, 2R, 308 
Violet 3B extra, 280 
Violet 5B, 6B, 272 
Violet C, 257, 274 
Violet C, 7B extra, 274 
Violet R, RR, sR, 278 
Violet Black, 177 

Violet colours, examination of, 454 
Violet de Paris, 280 
Violet or purple shades, examination 
of, 493 
Viridine, 270 


Waagenboou extract, 47 
Washing test, 483 
Water Blue, 252, 254, 284 
Water Blue 6B, 252 
Water in Paste^iyes, 476 
Water soluble nigrosene, 327 
Water test, 484 
Wattle barks, 39, 48 
Weingartner, E., tables, 443 
Weld, 41 1 
Weld extract, 637 
White bark, 48 
Willow bark, 47 
Wine, assay of, for tannin, 88 
Wines, colours in, 654 
Woodman and Newhall tests for cara- 
mel in vanilla, 640 
Wool Black, 164, 170 
Wool Green S, 284 
Wool Grey B, G, R, 338 
Wool Scarlet R, 148 « 

Wool Violet S, IS4 


Xanthin, 363 
Xanthone, 286 
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Xanthooe dyes, 386 
Xylidine R«i, 159 
Xylidine Scarlet, 148, 159 

YELLOW-fast*to-soap, 140, 143 
Yellow Fat colour, 156 
Yellow 00 , W, 138 


Yellow and orange-red colours, exami- 
nation of, 457 

Yellow and orange shades, examina- 
tion ol, 493 
Yellow T, 139 
Yocman, H,, tables, 489 
Yorkshire College method of tannin 
assay, 63 
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T he a1>o\ c work w.is wriltcn as a teM-l>ook lor advanced students in 
foUcucs and ttvhnical institutions : but since it treats somewhat fully ol 
technical analvsis .as ucl! as nl j^eneial analytical methods, it has also been 
lari;eiv tiscd in tlte lalxn.itories of consul tini^ and analytical chemists. 

The l)ook is in tern let I to supplement rather th.an to replace oral instruction and 
demonstr.ation hv the teacher: but it is confulentlv anticipated tliat thecarefu 
and detailed dcsc'rtptions of the pnxesses will dimmish, in a sontewhat unusual 
decree, the tuton.il work of ilie teacher and the practical dilhculues of the 
siudcni. 

The sitlijecl. matter has liccn arrauKed in seven parts and may be bnefiy 
summarised as follows : 

(i) The use of the balance: certain physical determinations; analytical 
o\x'rations, 

(2) Hravimctric estimations made with simple metallic salts. 

(3) Volumetric analvsis. includitiit the description of measuring vessels 
.and their calihration. 

U) romplcs analvscs, the analysis of ores, industrial products, 

water, fiKxl. and or^^anic substances, 

(5) G, as analvsis and die determin.-ttion of vapour-densities. 

(f,) Typical resuh, nl analvs.>s; usctiil tables; factors lor analysis; 
*ii4(arltl»ms and atomic we»nhis. 

(7) Lists of chemicals and apparatus rcHpiired for the processes de^nbed 

in the book. 
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ANNUAL TABLES OF CONSTANTS 

AND NUMERICAL DATA, CHEMICAL, PHY- 
SICAL AND TECHNOLOGICAL. 

Compiled and published under the patronage of the International Association 
of .Academies, By the International Commission appointed by the Seventh 
International ('ongress of Apjilied Chemistry (London 1909) -With a complete 
'Jable of Contents in four languages (Englisli, French, German, Italian). 

Vol. 1 . (for the year i<)io). 7('6 pp. 410. Cloth Bound, 28s, (>d. net ; Paper 
('u\crs, jjs, (kI. net. fi'ji-il 

Vol. II. (for the year 1911). “So pp. 4I0. Cloth Bound, 2Ss. 6d. net ; Paper 
Covers. 23s txi. net. (191 3 ) 

Vol. ML (for the year 191:). ^48 pp. 410. Cloth Bound, 2Ss. 6d. net; 

i‘a|x;r Covers, 25s. GI. net. (iqm) 


A MANUAL OF CHEMISTRY, THEO- 

RETICAL AND PRACTICAL. 

IE- Sir Wililam A. Tn den, HSc.. F.K.S., Professor of Chemistry in the 
K«»va! (‘olleue 'd Science, I.omhm : Examiner in Clieniistry to the Department 
of Science am! Art. With 2 Plates and Woodcuts. biO pp. Crown Svo. 
,os. ncl. (‘^>97) 

CHEMISTRY OF CARBON COM- 

POUNDS OR ORGANIC CHEMISTRY. 

'Bv Henry Watts B \. F K.S. Second Edition. By Sir William A. 
TddcnJI.Sc.. F.K S. Wiih Engravings. (,62 pp Crown Svo, 10s. net^^^ 


THE ELEMENTS OF CHEMISTRY. 


Bv M. M. PaTtison Mcir. M..\ , FVDow and lYa lector in 
(;onville ami Cains l.'ollegc, Cambridge, ^^lth Illustrations. 

I os. (xl. net. 


Chemistry of 
56S pp. Svo, 
(i<904l 


VOLUME'l'RIC ANALYSIS FOR 

PHARMACEUTICAL STUDENTS. 

Bv r U HAMVsutRE iLSc. l.ond. A. LC.. Demonstrator m the Chemical 

UboratoricH of the Pharmaceutical Sr>ciely. Illustrated, ru pp. 
hvo, (xl. net. 



— J. & A. Churchill's— — 

TREATISE ON GENERAL AND In- 

dustrial CHEMISTRY. 

By Dr. Ettore Molinari, Professor of Industrial Chemistry to 
the Society for the Encouragement of Arts and Manufactures, 
and of Merceology,at the Commercial University, Luim Bocconi, 
at Milan. 


INORGANIC. 

Translated from the Third Re- 
vised and Amplified Italian 
Edition by Ernest Feilmann, 
B.Sc, Ph.D., F.I.C. 

Part I. General. 

,, IE Xon-^Ietals. 

„ HE Metals. 

W'ith 280 Text Figures and 
3 Plates. 720 pp. Royal 8vo. 
21s.net. (1912) 

"This is certainly a remarkable 
if not unique book, and the 

lish translation should receive a cor- 
dial welcome. Prof. Molinari is a 
pioneer in the work of reforminj^ the 
teachiiij.^ of Ciiemistry, so that the 
younR chemist on the completion of 
his training may ha^■e a clear and 
dcfiniie knowledge of the practical 
and economic aspects of cliemical 
industry, and not be at an entire loss 
when he is called upon to take some 
part in the management of chemical 
preparations on a large scale," — 'ih( 
Chcntical iVt'u'i. 

" I'ull details are given of the plant 
used in the modifications of \'arious 
industrial processes, and tlie hook not 
only gains in interest by plan, but is 
also valuable as a source of reference 
for the technical chemist and patent 
agent. . . . .An e-xcenent feature is 
the description of the us^.«s [o uhicli 
the ’.arious ciiornical products are 
app/ic<i. and the sfatistu ^ 0 / the 
'.Allies f>f tlie <|uantitics atuniallv 
manufactured or cnjiorted. " — An- ;. • 


ORGANIC. 

Translated from the Second 
Enlarged and Revised Italian 
lidition by Thomas H. Pope, 
B.Sc., A.C.G.E, F.I.C., School 
of Plaiting and Prewiipg, Uni- 
versity of Birmingham, 

Part E General. 

Part II. Derivatives of 
IMethane Hydrocarbons ; 
Halogen Derivatives of 
Hydrocarbons; Alcohols; 
Derivatives of Alcohols; 
Acids; Derivatives of 
Acids ; .Aldehydic or 
Ketonic Polyhydric Al- 
cohols. 

Part HE Cyclic Compounds; 
Isocyclic Compounds. 

W ith 5ofi Text Figures. 790 
pp. Royal 8vo, 24s. net. 

( 1913 ) 

■■ I’or students taking up industrial 
chemistry as a profession, the book* 
[irovides an excellent text-book and a 
guule to more specialised treatises, 

. . . Covers a very wide range. 

. . . The illustrations convey ex 

re Dent impressions of the numerous 
tvjR'H r)l m.at liinery emplovcd." — 
7 omWi/eots <>/ tht Vitnidiiy SiHUty, 

\l I t t:, A i loH, 


THE CHEMISTRY OF CYANOGEN 

C()MPOUANDS,and their Munufacturc anti Estimation. 

By IIerijert E. Williams. 432 pp, 8vo, los. fid. net. 

( 1915 ) 


). & A. CHtJUCMtt t. 
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With 313 Illustrations. 8go pp., Royal 8vo. 21s. net. 

BLOXAM’S CHEMISTRY. 
INORGANIC AND ORGANIC. 

With Experiments. By Charles Loudon Bloxam. 

TENTH EDITION, Revised and Rewritten by Arthur G. 
Bloxam, F.I.C., Consulting Chemist and Chartered Patent Agent, 
and S. Judd Lewis, D.Sc., F.I.C., Consulting and Analytical 
Chemist. 

With Introduction by Prof. J. M. Thomson, F.R.S. 

Contents. — Water — Air — Acids, Bases, Salts — Hydrogen — Halo- 
gen Group-Sulphur Group — Phosphorous Group— Carbon and 
Boron Groups — Argon Group— General Principles and Physical 
Chemistry — Chemistry of the Metals — Alkali Metal Group — 
Alkaline Earth Metal Group — Magnesium Group — Aluminium 
Group — Iron Group — Chromium Group — Antimony Group — Tin 
Group — Copper, Silver, Gold— Eighth Group— Organic Chemistry 
— Hydrocarbons — Alcohols, Aldehydes, Acids— Stereochemistry 
—Ketones, Ethers, Halogen Derivatives, Esters — Metal and 
Metalloid Derivatives — Ammonia Derivatives — Cyanogen and its 
Compounds — Phenols, Quinones— Carbohydrates — Glucosides— 
Proteins — Heterocyclic Compounds. 

The ueli-thumbcJ iof'ics of (his K-ork, u'hicJi arc /<> be found on ihc shelves of the Puhlie 
Libraries, frore that the book i/as ken of continued service both to the student of 
Chemistry lUid the //eneral reader, xvhich ivas the object set forth in the first edifioiu 
The present editors have kept this tradition constantly before them, and while this 
edition retains the lucid explanations necessary for the elementary student, it is believed 
to be still the most compendious work idi Chemistry in a sin/zle volume. The iiitroduetion 
of preeise details from onfiinal incmoirs, which are outside the scope of the ordinary 
text-book, inereasts the cncyelopudie value of the work. 

The development of fhssieal ehemistry has rendered a re-casting of the various 

ehapters <'n principles. Advanla/ce has been taken of the change to include a 

fuller acecuni of ervstal strudures, iheniiral eonsti/ution, stereoehemistry, radioactivity, 
Ihc periodii classification, etc., than is usual in ii/n' hooks but those devoted to these 
particular subjects, 0 9 1 3 ^ 

j *' Of i7s usefulness iJS hook of icfnence thiie can l>i- >ii' ifiifslioii." 

The Chemist ani\ Druggist. 

\ ''Hj.uiim's CJifttiisOv i'« its iifU' /i'nti ic no less inraluahic to the picseni 
i gcHeration of students than its pudecessois uete to their foietathns,'' 
j Chemical Trade Journal. 

I PK?.MIK[» IK'M fiLTt'S «'S AS i'UCAH'.lN. 

I BRICKS AND ARTIFICIAL STONES 

1 OF NON-PLASTIC MATERIALS. Their Manu- 
' facturc and Uses. 

i Hy Ai.pred U. Searlk. 65 Illustr.alions. lyS pp. ato. 6d. 

1 net. {I9'5) 


1. iS: A, Churcmili. 
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J, & A. Churchill’s 

FATTY FOODS. THEIR PRACTICAL 

EXAMINATION. 

A Handbook for the use of Analytical and Technical Chemists. 
By E. Richards Bolton, E.C.S., Consulting Analyst & Technical 
Chemist, and Cecil Revis, Chief Chemist, Messrs. Welford and 
Sons, Ltd. With 7 Plates and 36 Text-figures. 384 pp. 8vo, 
los. (xl. net. 



Krl it 01 Cf HUj.sR. 

•* This is a volume that no analyst can afford,to be witlioiU. o} 
Stiiti’ MeJidne, 

“ .\ valuable reference lK>ok for the analyst and all interested in edible oils 
and fats," — BulU'lin of ihe h»ptniil Inslitutf, 

“ The book certainly invites criticism, but it must be on the whole a 


favourable criticism The descriptions of the mctliods are models of 

lucidity ." — The Analyst. (1912) 


IJKTAILKU i-KOSI'ECTCS ON A I' i'l.lC ATION. 


THE PLANT AL.KA- 
LOIDS. 

By T. A. HKNKY. D.Sc. (Und.), 
F.C.S. , Superinteiulent of I.al>ora* 
tories. Scientific and Technical De 
partment, Imperial Institute, London. 
474 PP* ifis. net, 

(fon) 

PRACTICAL CHEMIS- 
TRY. Qualitative Exercises 
and Analytical Tables for 
Students. 

By j. CAMPBELL BROWN. D.Sc., 
LLD. Sixth Edition. Revised liy 
Dr. G. I). BENGOUGH. Bo pp. 
Bvo, 2 S. Od, net. (1913) 


A MANUAL FOR MA- 
SONS, BRICKLAYERS. 
CONCRETE WORKERS, 
AND PLASTERERS. 

By J. VAN D 1 -:R KLOES. IVofessor in 
the Science of Materials of Construc- 
tion in the University at Delft. Revised 
and adapted to the requirements of 
British and American Kea<lers, bv 
A. B, SEAKLE. With 81 Illustra- 
tions. 248 pp. 8s, 6d. net. {1914) 

LABORATORY TEXT- 

BOOK OF CHEMISTRY. 

By V, SICYMOUK BRYANT, M.A.. 
Assistant Master at Wellington Col- 
lege. Part I. 252 pp. Royal 410, 
4s. net. (1913) 


j. tS: A. Churchill 
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A HANDBOOK OF COLLOID CHEM- 

ISTRY. The Recognition of Colloids, the Theory of 
Colloids, and their General Physico-Chemical Properties. 

By Dr. W. OSTWALD. Translated by Dr, M, H. FISCHER, Professor of 
Physiology in the University of Cincinnati. With 6o Illustrations. 290 pp. 
8vo, I2S, 6d. net, {1916) 

EXPLOSIVES. THEIR MANUFAC- 

TURE, PROPERTIES, TESTS AND HISTORy'. 

By A, MARSHALL, A.C.C.L, F.I.C., F.C.S., Chemical Inspector, Ind>'an 
Ordnance Department. With 137 Illustrations. 

CONTENTS 

Historical, Black Powder, .\cids, Nitric Esters of Carbohydrates, Nitric 
Ksters of (Bycerine, Smokeless Powders, Blasting Explosives, Proper- 
ties of Explosives, Special Explosives. Stability, etc., Materials 
and their Analysis. 

“ vohiiiie . ■ . tlioruii^hly ... a practical trtalisc, aiul 

ciitillfd 10 rank ns a staiidani work on the siibjccl . . . enriched liy many excellent 

phologr.iphic illustrntions. '- riic Worhi. 

“The position of the .'uithor is i roof of proper professional training as a chemist, and 
lir.ictical association wiih explosives maiuifacinre. The book itself discloses a quite 
iiiiroiinnon capicity for clear exposition. Its contents reveal an extraordinariiv close 
.icijti.iintance with technical literature on the subject, illuminated by much hrst-hand 
knowledge and practical understanding of methods."' . h »is mrd F v/'/osit'cs. (1915) 

Crown 4to. 640 pp, £'i 2s, net. 

LIQUID AIR, OXYGEN, NITROGEN. 

Hv'GKOKGKS C LA UDIi* Engineer Laureate of the Institute of France, English 
Edition corrected and brmigln up-to-date hv the author, and translated bv 
HENRY K. i*. COTTRELL. Assoc. M.LC.E., M.S.C.L, F.R.C.I. With 15 1 
Illustrations. Royal Svo. Jis, net. 

“ The book pravulcs an .admirable survey of the theory and practice uf the iMiuefnctioii of air.” 

C/intticiii Xnrs. 

“ It U imposdblc tn p.ass by the lnK)k in silence. There Is a v.acant place for it on our book- 
shelves devoted to Knglish technical litcrainrc. ]t is concerned with a subject, the possibilities 
of which ,tre, even yet, but dimly reaH/cd, It is written in a style charming in itself and unpre- 
cedented— we h.avc no hcsit.-iiion in using the word-iii its fiankncss and humour.— 

(' 9 » 3 ) 


CHEMISTRY OF URINE. A Practical Guide to the 

.\nalytical E.xaminaiion of Diabetic, Albuminous, and Gouty Urine, With 
Engravings. 208 pp, , Svo, 7s, Od. net. 

By ALEKED H. ALLEN, F.I.C,, F.C.S., Public Analyst for the West 
Riding of Yorkshire, etc. (1S95) 

THE CHEMISTRY AND PHYSICS OF DYEING. 

Being an account of tlie relations between Fibres and Dyes, tlie formation 
of Igtkes, and tlic general reactions of Colloids, and their solution state. 
Illustrated by curves and numerous tabulated results. By W. P. DREAPER. 
F.I.C., E.C.'S., Member of Council of Institute of Chemistry: Member of 
Council of Society of Dyers and Colourists. 328 pp. S\o, xos. 6d. net. 

See also 2 . (190b) 


J. & A. Chorchill 
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J. & A. Churchill’s 

INDUSTRIAL ORGANIC ANALYSIS. 

For the use of Technical and Analytical Chemists and 
Students. 

By P.\UL S. Arup, B.Sc., A.C.G.I., with a Foreword by J. C. 
Irvine, D.Sc., Ph.D., Professor of (diemistry, University of 
St. Andrews. With 14 Illustrations. 352 pp. Crown 8vo, 7s. 6d. 
net, (1913) 

“The work is undoubtedly a valuable contribution towards the solution of 
a problem which becomes more urgent every clay- viz., that of 'bringing 
together the problem and the man comjyetent .0 sohe it,’ and of bridging tlie 
gap between academic and industrial chemistrv. ” l-'lirtriitlw 

“Mr. Amp's book is to be welcomed heartily, since it endeavours to show 
the student what manner of work is carried on in the technical laboratory, 
and how it is related to Ids own more orthodox experieitce, ' ' —StJi,ht{ U^^/7^L 

ELEMENTARY PR.ACTICAL METAL- 

I.URGY, for Technical Students and Others. 

By J. H. St.^nsiue, B.Sc. (Lond.), F.I.C., .\ssociate of Birming- 
ham University and Lecturer on Aletallurgy in Birmingham 
Municipal Technical School. With 25 Illustrations. 160 pp. 
Crown 8 VO, 3s. 6d. net. (^1)^5) 

THE ANALYST’S LABORATORY 

COMPANION : a Collection of Tables and Data for 
Chemists and Students, together with numerous ex- 
amples of Chemical Calculations and concise Descrip- 
tions ot several Analytical Processes. 

By Af.rRED E. Johnson, 1 j.Sc. (Lond.), F.I.C., .\ssoc. R.C.Sc.I. 
Fourth Edition. 174 pp. Crown 8vo, Cs. 6d. net. (hH-) 

MICROBIOLOGY FOR AGRICUL- 

CULTURAL AND DOMESTIC SCIKNCK 
STUDE'.NTS. 

Edited by Ch.arles E. Marsha r.i., Professor of Bact. and 
Hygiene, Michigan Agricultural College. With 128 Illustralions.’ 
748 pp. 8 VO, I os. 6d. net. (1912) 

RESEARCHES ON THE AFFINITIES 

OF THE EF.KMENTSAND ON THE CAUSES- 
OE THE CHEMICAL SIMII.ARITY OR DIS- 
SIMII.ARITY OF ELEMENTS AND COM- 
POUNDS 

Hy GeohFKEY Martin, B.Sc. With Illustrations, Tables and 
Appendices, yocr pp. 8vo, iCs. net. {' 9 ^ 5 ) 

J. & A. CuuBcmi.i. 
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THE CONDUCTION OF ELEC- 

TRICITY THROUGH GASES AND RADIO- 
ACTIVITY. A Text-Book with Experiments, 

By K, K. McCluxg, M. A., D.Sc., Lecturer in Physics, University 
of Manitoba, Winnipeg, Manitoba. With 78 Illustrations. 262 
pp. 8vo, 7s. 6tl. net. (1910) 

A HISTORY OF CHEMISTRY, from 

the Earliest Times till the Present Day. 

By the late James Campbell Brown, D.Sc. (Lond.), LL.D. 
(Abdn.), Professor of Chemistry, University of Liverpool. Edited 
by H. Brown. With a Portrait and 106 Illustrations. 
576 pp. 8vo, los. 6d. net. 

“ Urof. Brown’s book is enr idled with very many illustrations and bears 
every sign of being the result of deep and e.\tcnsi\c study. It should be 
in the library of e\'eryone interested m the history of .Alchemy." — 
Jounuil of the Chemical Society. {^9^3) 

By tlie same Author. 

ESSAYS AND ADDRESSES. 

W ith a IMrtrait and 22 Illustrations. 222 pp. 8vo, js, net. 

(i9D) 

A SYSTEMATIC HANDBOOK OF 

VOLUMETRIC ANAf.YSIS ; or, the Quantitative 
Estimation oF Chemical Substances by measure, applied 
to Liquids, Solids and Gases. 

By Francis Sutton, E.I.C., F.C.S., Public .\nalyst for the County 
of Norfolk. Adapted to the reiiuirements of Pure Chemical 
Research, I'athological Chemistry, Pharmacy, Metallurgy, Manu- 
facturing Chemistry, Photography, etc., and for the Valuation of 
Substances used in Commerce, Agriculture, and the Arts. Tenth 
' lidition. Revised tliroiighout, with numerous additions, by 
W. Lincoln E Sutton, Public Analyst for the County 

of Suffolk, and Atured bh Johnson, B, Sc. (L ond.), F.LC., 
A.R.C.Sc.I. With 121 Engravings. 603pp. 8vo, 21s.net. (1911). 

• PRACTICAL CHEMISTRY 

By WILI.IAM C. VALENTIN, F.C.S., late rrincipal Demonsirator of 
Practical Chemistry in the Science Training Schools. 

Tenth Edition. By Dr. W K. Hodokinson, E.R.S.E., Professor 
of Chemistry and Physics in the Ordnance College, Woolwicli. 
With Q5 I'ingravings and Map of Spectra. 49G pp. Svo, los. net. 

{190,'ii) 

- J. uS: A. Churchill — — — 

II 



J. & A. Churchill’s — 

FOURTH EDITION. BY SPECIALISTS. 

ALLEN’S COMMERCIAL ORGANIC 

ANALYSIS. 

\ TREATISE on the Properties, Proximate Analytical Exam- 
T*. inations, and Modes of Assaying the various Organic Chemicals 
and Products employed in the Arts, Manufactures, Medicines, etc. 
With Concise Methods for the Detection and Determination of 
their Impurities, Adulterations, and Products of Decomposition. 

Edited by W. A. Davis, P.Sc., A.C.G.I., Formerly Lecturer and 
Assistant in the Chemical Research Laboratory, City and Guilds 
College, Imperial College of Science and Technology, London 
( Volumes I. to \dll.); H. Lkm-maxn, M.A., M.I)., Professor of 
Chemistry and Toxicology in the Women’s Medical College of 
Pennsylvania {Volumes I. and 11.) ; and S, S. Sadti.kr, S.H., Vice- 
President of the American Electro-Chemical Society; Member of the 
American Institute of Chemical Engineers (Volumes III. to VUI.) 

Vol. I. — Introduction, .Mcoliols, Wines and Potable Spirits, Malt and Malt 
Liquors. Yeast, Neutral Alcoholic Deri\ ativesand Acid DerivatKesof Alcohols. 
Sugars. Starch and its Isomerides, Paper and Paper-making Materials. 586 pp. 
8vo, 86 Figures. 22s. net. (njop) 

Vol. II. — Fixed Oils, Fats and Waxes, Lard, Special Characters and Modes 
of Examining Fats, Oils, and Waxes. Hnttcr Fat, Linseed Oil, Higher Fatly 
Acids, Soap, Glycerol, Cholesterol and Phytosterol, Wool Fat and Cloth Oils. 
530 pp. 8vo. 14 Figures, 22s net, {19m) 

Vol. III.— Hydrocarbons, Naphthalene and its Derivati\es, Bitumens. 
Petroleum, Phenols, Aromatic .Acids, (Lillie Acid and its Allies, Pluhalic Acid 
and the Phthaleins, Explosives. 645 pp. Svo. 25 Figures, 22s. net. (1910) 

Vol. I\'. — Resins, Essential Oils, Hydrocarbons and Ketones of [Essential 
Oils. Caoutchouc and Guttapercha, Special (Characters of Individual Oils .and 
Terpcneless Essential Oils. 474 pp. 8vo. 22s. net. (1910) 

Vol. V. — T.innins. Analysis of Leatlier, Dyestuffs of Groups 0 to 12, 
Colouring Matters of Natural (Jrigin, Dyes and (Colouring Matters ((Classes i 
to 5). Analysis of Colouring Matters, Inks, (Carbon Papers, Typewriter Kibbons, 
Colouring Matters in Foods. 713 pp. 8vo. 0 Figures. 22s.net. (1911) 

Vol. VI.— Amines and Hydrazines, Aniline and its Allies, Naphthvlamines 
and Coal Tar Bases, Alkaloids (General), Wilatile Bases, Nicotine and Tobacco 
Products. Aconite Bases and Atropine. Coca Alkaloids, (Jpium, Stryclinos 
Alkaloids, Cinchona Alkaloids, Berbcrine, Caffeine (Tea and Coffee), (Cocoa 
and Chocolate. 736 pp. 8vo. 8 l igures. 22s.net {191-^) 

Vol Vll.—V^cgetable Alkaloids. I’lomaincsor Putrefaction B.ases, Cdiico- 
sidcs, Non-Glucosidai Bitter Principles, Animal Bases, Animal Acids. (Cvanogen 
and its Derivatives, Lactic Acid. 574 pp. «vo. 28 I-^igures. 22s. net. (191 j) 

Vol. Vm, —Enzymes. The Proteins .and Albuminoid Substances, Proteins 
of Plants, Proteins of Milk, Milk, Milk Products, Meat and Meat i’roducls, 
Digestion Products of the Proteins, Haemoglobin and its Derivatives, Albu- 
minoids or Scicroprotei ns, Fibroids. 706 pp. Svo. 60 Figures. 22s, net. (1914) 

Chtmuai Nrtv$: " In wrier to ensure tlie );rea>e^t possible etTicirncy, the articles dealing 
with differmt subjects have tieen allotted tr.) vpr r,Uli.sts in the v-irious br.mches, and thus Kiif^lish 
and American authors have coila Imitated to prorlucc the most complete and authoritative text- book 
«;n technical analysis in the Knitlish langiiat^c." 

Tht I.ancet : “ Contains all that is krujwn up to the p^sent date on the subject of accurate 
an.vtytical methotfs .npp,ie>l to r:o(ntner) iai organic analysis,'’ 

It.KASE waiTE H)R OKlAtCEO I'BUSrECTUS. 

J. <t A, CitUKCHILL 
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A SYSTEM OF IN- 
STRUCTION IN CHEMI- 
CAL ANALYSIS. 

Ily REMIGIUS FRESENIUS, Pro- 
fessor of Chemistry and Director of 
the Chemical Laboratory at Wies- 
baden. 

Qualitative. Tenth Edition. 
Translated from the Fifteenth Ger- 
man Fidition, and hidited by Chaklks 

E. Groves, F. R.S. With ^6 Eu- 
tfravinf^sand Plate of Spectrum Analy- 
sis. 481 pp. Svo, 15s. net, (18S7) 

Quantitative. Seventh Edition. 
Vol. I. Translated by Arthok , 
Vachi-k,* With loG Engra\'ings, 
524 pp. Svo, 15s.net. (1876) 

Vol. II. Translated by Charles E, 
Groves, F,K.S. With 143 Engrav- 
ings. 712 pp. Svo, 20s. net. (lyoo) 

CHEMICAL TECH- 

NOLOGY ; or Chemistry in 
its A ppli 0.-1110 11 to Arcs and 
Manufactures. 

Ihliled bv CHARLES EDWARD 
(iRDVES. KK.S., WILLIAM 
THORP, H.Sc., and W. J. DIB- 
DIN. F.I.e. 

Vol. I. Fuel and its Appli- 
cations.— Bv E. J. Mills, D.Sc.. 

F. K.S., and F. J. Row an, C.E. 

With 7 Plates (2 coloured') and f>o6 
Engravings. Soi pp. Royal Svo, 
30s. net. (iSStj) 

Vol. II. Lighting.— Fats and 
Oils, by W. Y, Dent ; Stearine In- 
<Uistry. bv ]. McAkthcr; Candle 
Manufacture, by I'ielh and I'. 
^I-'ikld: The Petroleum Industry and 
Lamps. bvSiK Bovkrto.s Redwooh ; 
.Minors' Safely Damps, bv Sir B. 
HKinvooi) and D. A, Loi’is, ^Vith 
358 hingravings. 400 [ip. Royal 

Svo, 20s. net. (1895) 

Vol. HI. Uas Lighting.— Bv 
jCiLvKt.ES lirNT. Willi 2 Plates and 

2()2 Engravings. 340 pp. Royal 

Svo, tSs. net, (iQOoi 

Vol. IV. Electric Lighting.— 

Bv A. (i. (hioKE, A.M.l.E.E, 

Photometry, — Bv w, J. Dhuun. 
F.l.C., JethS. With 10 Plates and 
i8t Engravings. 30b pp. Koval 

Svo, 20s. net. (19*^8) 


THE CHEMISTRY OF 

THE TERRENES. 

By F. HEUSLER. Ph.D., Bonn Uni- 
versity. Translated and Enlarged 
by F, J. Pond, Pb.D., Pennsylvania 
State College. 472 pp. 8vo, 17s. net. 

(1902) 


QUANTITATIVE 

ANALYSIS IN PRACTICE. 

By J. WADDKLT., B.A., D.Sc., 
Pb.H,, Assistant Professor of Chem- 
istry, Queen's University, Kingston, 
Canada. An introductory course de- 
signed for Colleges and Universities. 
170 pp. Svo. 45. Gd. net (1913) 

INTRODUCTION TO 

CHEMICAL ANALYSIS. 

By HUGH C. H. CANDY, B.A., 
B.Sc,, Lecturer on Chemistry in the 
London Hospital Medical College, 
126 pp. Crown Svo, 3s. 6d. net. 

(1905} 


A TEXT - BOOK OF 
PHYSICAL CHEMISTRY, 
'I'HEORY AND PRACTICE, 

Bv ARTHUR W. E\VRI,L, Pll.D,, 
Assistant Professor of Physics, Poly- 
technic Institute, Worcester, Mass. 
'With 102 Illustrations and 63 Tables. 
380 pp, Svo, gs. 6d. net. (1910) 


A SYSTEM OF INOR- 

GANIC CHEMISTRY. 

Bv SIR WILLIAM RAMS.AY, 
KiC.B., Pb.D,, F.U.S., Professor of 
Chemistry in I'niversitv College, 
].otulon. With Engravings. 700 pp. 
8vu, 15s, net (1891) 


ELKMENTARA' SYS- 
TEM.VnC CHEMISTRY ; 
for the use of Schools and 
Colleges. 

Also bv SIR WILLl.XM RAMSAY. 
With l-ngravings 360 pp. Crown 
Svo, 4s.0d.net, (iSgr) 


J. A A. Churchill 



J. & A. Churchill’s 

SANITATION IN WAR. 

By Lieut.-Col. P. S. Lei.ean, C.B., F.R.C.S., D.P.H., R.A.M.C., 
Assistant Professor of Hygiene, Royal Army Medical College. 

Contents. — Physical Fitness for War — Anti-typhoid Inoculation— 
The March— Sickness in the Army— The Role of Insects in War 
— Medical Organisation and Administration in the Field — Field 
Conservancy — Water and Water Supplies. 

With 40 Illustrations. 280 pp. Fcap. 8vo, 5s. net. {1915) 

THE EXAMINATION^ OF WATERS 

AND WATER SUPPLIES. 

By John C. Thrush, D.Sc., M.D., D.P.H. Lecturer on Public 
Health, London Hospital Medical College; Medical Officer of 
Health, Essex County Council. Second Edition. With 53 Illus- 
trations. 664 pp. Royal 8vo, iSs. net. 



" The second edition is worlliy of a still more favourable reception tiian was 
accorded trj the first. " — Ii<{inbhy<^h Mcdiuii Ji Uinnl, 

"The book is very comphte in its scope, .and is now (|uitc a standard 
work. . . . W’e can stronj;ly recommend this v olume as a complete reliable 
^^ide and book of reference. ' — Jouinal oj Shiit M^dninc. 

Also by Dr, j.C. Thrush. 

A SIMPLE METHOD OF WATER 

ANALYSIS, 

Especially designed for the use of Medical Officers of Ilealtli. 
8th Edition. 72 pp. Fcap. 8vo, 2S.rjd.net. (^915) 

J, & A. CiiURdHU ' — - 
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THE THEORY AND PRACTICE OF 

HYGIENE (N OTTER & Firth) 

] 3 y K. H, Firth, F.R.C.S., Lt.-Col R.A.M.C,, late Professor in 
the Royal Army Medical College. Third Edition. 22 Plates and 
193 Text Figures. 24s. net. (1908) 

There is no (jthcy oHC-voiiimed tcovk of the size U'hich can compare with this in 
utility and convenience." ~r\xhhc Hcaltl], 

B}»the same Author. 

MILITARY HYGIENE: A MANUAL 

OF SANITATION FOR SOLDIERS. 

t 

With 40 Illustrations. 306 pp. Crown 8vo, 3s. 6d. net (1908) 

FOODS AND THEIR ADULTERA- 

TION. Origin, Manufacture and Composition of 
Food Products ; Description of Common Adulterations, 
Food Standards and National Food Laws and Regu- 
. lations. 

By IIarvev W. Wilky, M.D., Ph.D,, Chief of Bureau of 
Cliemistry of the U.S, Department of Agriculture, Washington. 
Second Edition. With ri Coloured Plates, and 87 other Illustra- 
tions. 634 pp. 2is.^net. LQti) 

Siii'iiee of New York sa\s : "The book treats systematical ly and quite 
exhaiisiivoly of all the principal food products, dealing in turn \vith_ their 
maiuifactiire, properties anti composition, forms of adulteration and dietetic 
value, and incliulinj: much information of a general nature concerning them. 
Beginning with the animal foods, it then covers meats and the various meat 
preparations, (isli. milk and its products, and oleomargarine. Then follow 
the vegetable foods, cereals, vegetables proper, condiments, fruits, sugar, 
syrup, confectionery, honey, and finally infants’ and Invalids' foods.” 

TEXT^BOOK OF MEAT HYGIENE, 

With Special Consideration of Ante-mortem and Post- 
mortem Inspection of Food-producing Animals. 

*My Richard Kdelmann, Ph.D., Professor at the Royal 
Veterinary High School, Dresden. Authorised Translation by 
J. R. Mohler, A.M., ^■.M.IT, Chief of Pathological Division, 
U.S. Hureau of Animal Industry, and A, Eichhorn, D.V.S., 
Senior Bacteriologist, Patliological Division, C.S. Bureau of 
Animal Industry. With 5 Coloured Plates and 152 Illustrations. 
398 pp. 8vo, 21S. net (^9^2) 

- j, & A. CuuRcmLL 
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J. & A. Churchill’s 

PRESERVATIVES IN FOOD, AND 

FOOD EXAMINATION. 

By J. C. Thresh, M.D. ; and A. E. Porter, M.D., Medical 
Officer of Health, County and Borough of Reigate; late Demon- 
strator of Public Health, Leeds University. With 8 Plates. 
499 pp. Royal Svo. 14s.net. 

The Um-tt says : "The book will be valued for ils excellent chapters on 
the methods and substances commonly used in the preservation and colouring 
of foods as well as for the sound directions given for the detection of such 


A GUIDE TO THE 
MICROSCOPICAL EX- 
AMINATION OF DRINK- 
ING WATER. 

Bv SIR JOHN D. MACDONALD. 
K.C.B., M.D.. F.K.S.. K\ I’rofessor 
of Naval Hygiene, Army Medical 
School. With an Appendix on the 
Microscopical Examination of air. 
Second lulition. With 25 I.itho- 
graphic Idates, containing many 
Figures, yvo, 7s.Gd.net iiyyi) 

A TREATISE ON 

HYGIENE AND PUBLIC 
HEALTH. 

Bv SIR THOMAS STEVENSON. 
M.D., F.k.C.P.. lecturer on t:hem- 
isirv and on Medical Jurisprudence 
at Guy's Hospital ; Ofticiai Analyst 
to the Home Oftice; and SIR 
SHIRLEY F. MERIT I V. Medical 
Officer of Health of the Adminis- 
trative County of London (Editors). 
In Three Volumes. Royal 8vo. 
Vol. L With (J Mates and 18G En- 
gravings. econd Eiditif.n. 1,013 pp. 
Royal 8vo. 2.Ss. net. (iSpb) 

Vol. II. With 45 Mates and 54 En- 
gravings. 847 pp. Rov. 8vo, 32s. net. 

(Mp3) 

Vol, III, 4G0 pp. Roy. 8 VO, 203. net. 

(Mp4) 

THE MICROSCOPICAL 
1; \ M I N A T I O N O P 
FOODS AND DRUGS. 

Practical Introduction to the 
Methods adopted in liie Microscopical 
Examination of Foods and J)rugs in 
the Entire. Oushed and Powdered 
states. By ILL. (iKEENISH. F.l.C., 
F L.S., Professor of iMiarmaceutics 
to the Pharmaceutical Society of 
fjreat Britain, and Ihrector of the 
Pharmacy Research Laboratory. 

Second Edition. With 2cxj Illus- 
trations. 40O pp Royal 8vo, 
I2S. Od. net. (1910) 


THE ORGANIC ANA- 
LYSIS OF POTABLE 
WATERS. 

By J. /\. BLAIR, M.B., C.M., D.Sc. 
Edin. , L. R.(E P. 1 .ond. Second Edi- 
tion. 120 pp. Cr. 8vo, 3s. 6d. net. 

(1891) 

AN ANATOMICAL 
ATLAS OF VliGETABLE 
POWDERS, an Indispens- 
iible Aid to the Microscopic 
.\nalysis of Powdered Foods 
and Drugs. 

Bv i’rofessor H. Ci. (iREENISH 
and EUGENE C(;LLIN, With ij8 
Ulus. 2S8 pp. 4to, izs.Od. net (1904) 

LESSONS ON ELE- 
MENTARY HYGIENE 
AND -SAN I TATI ON, 
with Special Reference to the 
Tropics. 

Bv W. T. PKOUT, C.M.G,. M B., 
cAl. Ivlin., Medical Adviser to the 
Colonial Office; Hon. Lecturer. 
School of Tropical Medicine, Liver- 
pool. I'ourth Editifin. With (>o Ulus. 
204 pp. 8vo, 2s. 6<1. net. (1915) 

A HANDBOOK OF 
HYGIENE AND SANI- ' 
TAKY SCIENCE. 

ByflF.OKCrE WILSON. 

L'L.D.. IXP.H.Camb., Medical Offi- 
cer of Health for Mid-Warwickshire. 
Eighth I'idition. With Engravings. 
825pp. Post 8vo, 12s. 6(1. net. (1898), 

MANUAL 0/ HYGIENE. 

Bv W. H. HAMER, M.D.. D.P.H., 
F.R.C.P., Lecturer on Public Health 
St. Barthnlomcw'.s Hospital , Assis- 
tant Medical Officer of Health of the 
Ailminislrativc County of London. 
With 93 Illustralions. O34 pp. 8vo, 
I2S. 6d. net. (1902) 


J. & A. CllURCHlM. 
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A TEXT-BOOK OF PHYSICS. 

By A. WiLMER Duff, D.Sc., Professor of Physics, Polytechnic 
Institute, Worcester, Mass. Third Edition. 595 figures. 702 pp. 

8 VO, los. 6 d. net. (1913) 

A HANDBOOK OF PHYSICS AND 

CHEMISTRY, adapted to the Requirements of the 
First Examination* of the Conjoint Medical Board, 
and for general use. 

By H. E. Corbin, B.Sc. (Lond.), M.R.C.S., L.R.C.P., Medical 
Superintendent, London Fever Hospital; and A. M, Stewart, 
M.A., B.S.(Lond.), Headmaster, Alresford Grammar School. 
Fourth Edition. With 183 Illustrations. 528 pp. Crown 8vo, 
7s.6d.net. (1911) 

MOLECULAR PHYSICS. 

By J. A. Crowther, M.A., Fellow of St. John’s College, Cam- 
bridge ; Demonstrator in Physics at the Cavendish Laboratory. 
With 29 Illustrations. Crown 8vo, 176 pp., 3s. 6d. net. (1914) 

PHYSICAL MEASUREMENTS. 

By A. WiLMER Duff, D.Sc., Professor of Physics in the 
Worcester Polytecflnic Institute; and A. W. Ewell, Ph.D., 
Assistant Professor of Physics, Worcester Polytechnic Institute. 
Second Edition. With 78 Illustrations. 268 pp. Svo, 7s. 6d. net. 

(1911) 

A TREATISE ON PHYSICS. 

Vol. I. Dynamics and Properties of Matter. 

' By An DREW Gray, LL.D., IcR.S., Professor of Natural Philosophy 
in the University of Glasgow. With 350 Illustrations. 712 pp. 
8 VO, 15s. net. ^ (1901) 

AN INTRODUCTION TO PHYSICAL 

* MEASUREMENTS. 

With Appendices on Absolute Electrical Measurement, etc. 

By Dr. F. Kohlrausch. Third Edition. Translated from the 
Seventli German Edition by Thomas Hutchinson Waller, B.A., 
B.Sc,, and Henry Richardson Procter, PM.C., F.C.S. With 
91 Engravings. 476 pp. Svo, 12s, 6d. net. (1894) 

J, & A. Churchill 
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J. & A, Churchill’s 


THE HORTICULTURAL RECORD. 

A Unique Work Indispensable to everyone interested 
in the History and Practice of florticulture. 

Dtdicakd by po Htission io II is Most G>wiohs Kinf; Ceorf^^e V. 

By Reginald Corv. Magnificently Illiistratetl with 117 Plates 
in Colour and 71 Black and W'liite Figures. 516 pages, (juarto, 
£^'1 2s. od. net. 

CONTENTS 

PART I. 

Rock Gardens. By Reginald Farrer. 

Roses. By n. R. Darlington. 

Trees and Shrubs. By \V. J. Bean. 

Sweet Peas. By \\\ Cuthbertson. 

Sto^'e Foliage Plants. By \\‘. W atson, A.L.S. 
Orchids. By James O’lirien, WM.H. 

Ferns. By Chas. T. Dniery, VLM.H. 

Clreenhoiise Plants, lly C. H. Curtis. 

Fruits. By F. A. B unyard. 

\'egetables. By G. F, Tin ley. 

PART 11 . 

Contributions on Science and Kducation. 

Official Report of the Royal Fxhibition (1912). 

List of Aw^ards and I’ri/ccwinncrs. 

FART in. 

Illustrations- Coloured I’lates- Half Tones. 

The Horticultural Record presents a brilliant record of the greatest 
event in the history of gardening in these Isles, namely, the Royal 
Internati(mal Horticultural ICxhibition, which was opened liy tlieir 
Majesties the King and f^ueen in May, 1912. 'Fhe plates are 
reprtxluced from actual photographs, and they preset ve for all 
time the chief characteristics of the great lC\hibition. 

DF.TAir.F.r; I L'S t;t'nN afTMTAUin. 


" Kl'cry strious student of hortii\dtuye sh<nild iuld this tiooU to his libhtfy, in nider 
to take pUasure from tuyniuf* over its mid to profit by usinit Hits it toorh of 
reference . " — K n f jw r Ji { k i k, 

*' A {(treful inspection fails to find anythin)^ that is not praisen’orthy," 

— tni': STAXDAKn. 

•' W e canj^raiulate the Editor and Contributors, and roe irish Mr. Cory's cnlcrpiise 
the success it so richly (/oorrs. Titfv Caudicneks' Chkonicle, 


J. & A. Churchill 
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THE STORY of PLANT LIFE IN THE 

BRITlsrf ISLES, Hy A. R. HORWOOl) (Leicester Museum). Mem- 
ber of tbe British Bolanical Society, Ecolof^ical, Conchological Societies, etc, 


Vol. I. 

Illustrated with 
73 Photographs. 
26<S pp. 
Crown 8vo, 

6s. 6d. net. 

(1914) 

Vol. II. 

Illustrated with 
78 Pljotographs, 
372 pp. 
(Town 8vo, 

6s. 6d. net. 

(>yi 4 ) 

Vol III. 
Illustrated with 
12 1 Photographs, 
530 pp. 
Crow'n 8 VO, 

6 s. 6(1. net. 

(1915) 



THE STUDENT’S 
GUIDE TO SYSTEM- 
ATIC POTANY, including 
the (dassihcation of Plants 
and Descriptive Potany. 

Hv KtBIKRT ItKNTLEV. 
M.R.C.S.. late Ementu.s Rrofcssor 
of Botany in ]\ing's and to 

the Idi.arniaceutica! Sociciv. \Mih 
J57 Kngra\ ings. pp, I'cap. iivo. 
IS. 6d. net. 

(1SS4) 

I 

PLANT ANATOMY C? 

, HANDBOOK OF MICRO- 
, TECHNIC, from the Stand- 
point of the Development and 
Functions of the Tissues. 

liy WILLUM CHASE STEVENS, 
Professor of Botany in the Uni\ ersity 
of Kansas. Second Edition. With 
152 Engravings. 379 pp. Svo, los. Cd. 
net. 

(1910) 


AN INTRODUCTION 
TO VEGETABLE PHY- 
SIOLOGY. 

ByJ. REYNOLDS GREEN, Sc.D., 
M,A., F.R.S., Fellow of Downing 
College, Cambridge ; late Professor 
of Botanv to the Pharmaceutical 
Society. Third Edition. With 182 
Illustrations. 492 pp, Svo, ros. 6d. 
net. (ign) 

A MANUAL^/BOTANY. 

Vol. 1 . Morphology and ,\natomy. 
Crown Svo. Tiiird Edition. Whih 
77 S Engravings. 407 pp. 7s. 6d. net. 

(1904) 

A MANUAL of STRUC- 
TURAL BOTANY. An 
Introductory Text-book for 
Students of Science and 
Pharmacy. 

iU’ HENRY H. RUSBY, M.D.. 
Professor of Materia Medina , Colum- 
bia University. With 599 Illustra-^ 
lions, 248 pp. ios.6d.net. (1912) 


J. & A. CUURCHILL 
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J. 6: A. Churchill’s j 

THE MICROSCOPE AND ITS REVE- | 

LATIONS. 

]Iy AVilliam K. Carpenter, C.IJ., M.D., LL.D., F.R.S. 
Edited by Rev. W. H. Dallinger, LL.D., E.K.S., with 23 j 
Plates and more than 800 Figures in the Text. Eighth Edition. 
1,200 pp. 8vo, cloth, 28s. net. 

Also in two volumes, sold separately, 

Vol. I. The Microscope and its Accessories, Cloth, 14s. net. 

Vol. II, The Microsoope, its Revelations. Cloth, 14s. net 

THEMICROTOMISrSVADEMECUM. ‘ 

A HANDBOOK OF THE METHODS OF MICRO- 
SCOPIC ANATOMY. 

By Arthur Bolles Lee. Seventh Edition. 536 pp. 8vo. 
ijs. net. (1913) 

GUIDE TO THE SCIENCE OF PHOTO- 

MICROGRAPHY. 

By Edward C. Bouseield, L.K.Ci.B.Lond, Second Edition. 

With 34 Engravings and Glass-print Frontispiece. 174 pp. 

6s. net. (1892) 

METHODS AND FORMULA USED IN 

THE PREPARATION OE ANIMAE AND 
VEGETABEE TISSUES POR MICROSCOPICAE 
EXAMINATION, INCLUDING THE STAINING 
OF BACTERIA. 

By Wv.n r Syi ikk, F.L.S., F.C.S, 93 pp. Crown .Svo, 

3s. 6tl. net. {*^92) 

QUARTERLY JOURNAL OF MICRO- 

SCOPICAL science. 

I‘Mited by Sir E. Ray Lankksthr, K.C.B., M.A., LL.D., F.R.S., 
with the f^o-opcration of Sid.nky J, Hickson, M.A., F.R.S., 
Gii.hkrt C. Bournk, M.A., D.Sc., F.R.S., and J. Gkaii.aw Klrr, 
M.A., F.R.S. i'ubiished irregularly. ITice los. net. Back 
numbers still in print los. net each. ^ 

CONTRIBUTIONS TO THE KNOW- 

T.EDGE OF RHABDOPLEURA AND AMPHI- 
OXUS. 

By Sir ]i. Kav LANKKSTiik, K.C.B., F.R.S. With lo Plates. 
Royal 4to. 5s. net. (*^^ 9 ) 

j. tSc A. CHURcnn.i. — 
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THE CYCLOPEDIA OF PRACTICAL 

RECEIPTS, and Collateral Information in the Arts, 
Manufactures, Professions, and Trades, including 
Medicine, Pharmacy, Hygiene, and Domestic Economy. 

Hy ARNOLD j. COOLl'V. Desi^med as a Comprehensive Supplement to 
the Pharmacopmia and (jcneral Hook of Reference for the Manufacturer, 
Tradesman, Amateur, and Heads of Families. Seventh Edition. By 
WILLIAM NORTH, M.A. , F.C.S,, assisted by several scientific contributors, 
Witli 371 En^mavings, 2 vols. 1,827 pp. 8vo, 42s. net. (1892) 

THE BOOK OF. RECEIPTS : containing 

a Veterinary Materia Medica, with Prescriptions illus- 
trating the Employment of Drugs in General Use for 
the ^Treatment of the more Common Ailments of 
Animals, 

Omprising also a Pharmaceutical Formulary for the Manufacture of 
Proprietarv Articles, Toilet ITeparations, Dietetic Articles, Household 
Specialities, etc. .\ Photographic Formulary. A Synopsis of Practical 
^^ethods employed in the Examination of Urine, Milk, I’otable Waters, 
Sputum, etc., together with numerous Chemical and other Tables likely to 
l>e of use to Pliarmacists and Manufacturers, By E. W. LUCAS, F.LC., 
F.C.S,, Late Examiner at the Pharmaceutical Society of Great Britain. (The 
I-!te\entli iCdition of Beasley s Book.) With 10 Idates. 460 pp. Crown 
iSvu, 7s. 6d. net. (1907) 

THE PRINCIPLES OF AEROPLANE 

CONSTRUCTION, with Calculations, Formulae and 
51 Diagrams. 

Hv RANKIN KENNEDY, C.E. 14G pp. Svo, 5s. net. (ign) 

A MANUAL 'OF DENTAL ANATOMY, 

HUMAN AND COMPARATIVE. 

BvCH.XRI.ES S. TOMES, M.A., F.K.S. Seventh Edition. ICdited by H.W. 

M ARETT TIMS. M..\.. M.D., F.L.S., F.Z.S.. Universitv Reader in Zoology. 
Medford College, and A, HOIMAVELL-SMITH. L.R.C.P'.. M.R.C.S , L.D.S.. 
Professor of ficntal Histology. University of Penna. With 300 Illustrations. 
Svo, 15s. net. (*9^4^ 

FHE LABYRINTH OF ANIMALS, 

' INCI.UDING MAMMAI,S, BIRDS, REPTILES 
AND AMPJ'IIBIANS. 

By AT.HF.RT A. (Uf\V. M.D.(das., F.H.S.E., Surgeon for Diseases of the 
Ear to ilic N'ictoiia Inhrmarv, (dasgow. \'ohime I, \\ith 31 Stereoscopic 
Hates. 210 pp. With Stereoscope, 21S. net. Vol. H. With 35 Plates.. 265 
% pp. 25s, net. (^^goS) 

VPHE COMPARATIVE ANATOMY 

■ OF THE DOMESTICATED ANIMALS. 

By A. CHAUVKAH, M.D.. LI. D.. 1 11 spector- General of Veterinary Schools 
ill France I Professor at the Museum of Natural History. Paris; and S. 
,\RLOlNG. Director of tlie Lvons Veterinarv School ; Translated and Edited 
by GKORtiE FLEMING, late Principal Veterinary Surgeon to the British 
Armv. Second Edition. With 585 Engravings. 1084 pp. Svo, 31s. 6d. net. 

(1891) 

* — — J. & A. CiujRcini.L 
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J. & A. Churchill's— 

A MANUAL OF BACTERIOLOGY. 

By R. Tanner Hewlett, M.D., F.R.C.P., Professor 

of Bacteriology in the University of London. Fifth Edition. 
With 26 Plates and 69 Text Figures. 680 pp. 8vo. 12s. 6d. net, 

(1914) 

ELEMENTARY BACTERIOLOGY ^ 

PROTOZOOLOGY. The Microbiological Causes of 
the Infectious Diseases. 

By Herbert Fox, M.D., Director of the William Pepper < 
Laboratory of Clinical Medicine in the University of Pennsyh 
vania. With 5 Coloured Plates and 67 Engravings. ,238 pp. 
Crown 8 VO, 6s. 6d. net. (*913) ’ 

LESSONS IN DISINFECTION AND 

STERILISATION ; an Elementary Course of Bac- 
teriology, with Experiments. 

By F. W. Andrewes, M.D., F.R.C.P., Lecturer on Pathology, 

St. Bartholomew’s Hospital ; Professor of Pathology in the 
University of London. Second Edition. With 31 Illustrations. 
222 pp. Crown 8vo, 3s. 6d. net. (*907) 

THE CELL AS THE UNIT OF LIFE, 

and other Lectures delivered at the Royal Institution, 
London, 1899-1902. An Introduction to Biology. 

By Allas Mac r a dyes, M.I)., B.Sc. ICdited by R. Tanner 
Hewlett, M.D., F.R.C.P. 400 pp. 8vo, 7s. 6d. net. (1908) 

THE FUNCTIONAL INERTIA OF 

LIVING MATTER : a Contribution to the Physio- 
logical Theory of I.ife. 

By Da\ti> Fraser Harris, M.O., C.M., D.Sc. (Lond,), F.R.S.F., 
Professor of Physiology, Dalhousie University, Halifax. W’ilh 
12 Illustrations. 148 pp. 8vo, 5s. net. (1908) 

4 

THE EVOLUTION OF THE VERTE- 

BRATES AND THEIR KIN. 

By William Patten, Ph.D., Professor of Zoology, and Head 
of the Department of Biology in Dartmouth (College, Hanover, 
N.H. With 309 Illustrations. 508 pp. Royal 8vo, 21s. net. 

(1912) 

J. & A. Churchii.l 

22 



, INDEX OF AUTHORS 


Allen, A. H. ... 9, 12 

Amlrewes, F. W, ... 22 
.’Vnnual Tables of Constants . 5 

Adoing, S. . , . . ,21,22 
Arup, P, S ro 

B arnett, E. de B. . . . 4 

Bengough, G. I). . , . 8 

Bentley. K 19 

BlaiT. J .A 16 

Blox im, A. G 7 

Bloxam, C. L 7 

Bolton, E. K ,8 

Bousfield, E. C 20 

Brown, H. H ii 

lirown, j. C 8,11 

Bryant, V. S 8 

C ARi’^TEK, \V, B, . . . 20 

Chau^■eau, A 21 

Claude, G 9 

Clowes, F j, 4 

Coleman, j. B j, 4 

Collin, E 16 

Cooley. A, ...... 21 

Corbin, H. E 17 


Cottrell, H. E F. . . 

• 9 

Crookes. Sir W. . . . 

• • 5 

Crowlher, J. . . , 

. 2, 17 

"TN .\I.IJNC.EK, W. H. 
U Davis. W. A. . . 

. . 20 

Dihdin, W. J. . . . 

■ • 13 

Dreaper, \\\ F. . . . 

. .2,9 

Duff, A W 

. . 17 

T 7 HELM ANN, K. . . 

• . 15 

L/ Eichhorn, A. . . 

* • 15 

Ewell, A. W. . . . 

• Ii. 17 

TTkilmann. E. , . . 

. , G 

r Firth. R, H. . . 

■ ■ 15 


Fischer, W. . 
I'leming, G. . 
Fox. H. . . 
Fresenius, K. 


^ RAY, A. . . 

Vj Gray, A. A. 


Green, J. R. . . . 

Greenish, II, G. , • j . 

. r.rniac f' K • 


H ale, A. ]. 

Hamer, W. D. . . 
Hampshire, C, II, . . . 

IHarris, D, !«' 

llatschek, K 

Henry, T. A 

Hewrett, R, T 

Hinchley, ]. \V. , . . 

Hodgkinson, W, K. 
Hoj^ewelbSmith, A. . . 
Horticultural Reconl. The 
Horwood, A. R. . . . 


J OBLING, E 2 

Johnson, A. E. . . , to, 11 

K ennedy, R 21 

Kloes, J. A. van der . . 8 

Kohlrausch, F 17 

L ankester, Sir E. Ray . 20 

I^e, A. B 20 

Lcffmann, H. , 12 

Lelean, P, S 14 

I^wis, S. Judd , . • . . 7 

Lucas, E. W 2t 

M cClung, R. K. ... II 
Macdonald, Sir J, D. , 16 

Macfadyen, A 22 

Marshall, \ 9 

Marshall, C. E 10 

Martin, G 10 

Microscopical Science.(,.)t, Jr. of 20 

Mohler, J. R 15 

Molinari, E 6 

Muir. M. M. W .... . 5 

Murphy, Sir S 16 

N orth, W 21 

Notter, J. L 15 

^^STWALD, W 9 

P .tTTEX, W 22 

Pickard, J. A 4 

Fope, T. H 6 

Porter, .\. E 16 

Procter. H. R 17 

Prout, W. T 16 


R evis, C. 

Rusbv. H. H 19 

Ryley. A. B 5 

S AOTLER, S. S 12 

Searle, B. ... 7, 8 

Sc^uire, T\ W 20 

Stansbic, J. H 10 

Stephenson, H, H 2 

Stevenson. Sir T 16 

Stevens, W. C 19 

Stewart, M 17 

Sutton, F II 

Sutton, \V. L II 

T horp. W 13 

Thresh, J. C. . . .14, 16 

Tilden, Sir W 5 

Tims, H. W. Mareit ... 21 
Tomes, C. S 21 

V ACHEK, A 13 

Valentin, W. G, . . . ii 

W AGNER, K 5 

Watts. H 5 

Who’s Who in Science . . 2 

Whvmper, R 4 

Wilev, H, W 15 

Williams, II. E 6 

Willows, K. S 2 

Wilson, G tO 







